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I. INTRODUCTION
Methodsof Bioassessment
Aquaticmacroinvertebratesr commonlyusedintheassessmentofwaterquality
instreamsforseveralreasons:1)theyrespondmorequicklytoenvironmentalstresses
thandofish,2)theyaremoreeasilyidentifiedthanattachedalgae(periphyton),3)there
arelargenumbersofspecies,allowingfortheintegrationofmanyindividualresponses,
and4)theirrelativelysedentarynaturemakesthemeasytocollect(Resh& Rosenberg,
1993;Barbour,1999).Therearedisadvantagestousinginvertebratesaswell:1)large
numbersofsamplesareneededtomakeaccuratepopulationassessments,2)theydonot
respondtoallkindsof impacts,3)assemblagesvaryseasonallyandspatiallyin
taxonomiccomposition,inbothimpairedandunimpairedstreams(Resh& Rosenberg,
1993;Linke,1999),and4)macroinvertebratecommunitiescanbeaffectedbyfactors
otherthanwaterqualitysuchassubstrateandcurrentvelocity(Merritt& Cummins,
1996).
Althoughmacroinvertebrateassessmentsareusuallypreferredfortheabove
reasons,algaeandfishstudiesarealsousedtoassesswaterquality.Periphyton(benthic
algaeattachedtostreamsubstrates)areoftenusedwithmacroinvertebrateassessments
(Barbour,1999).Periphytonisanimportantfoodsourceformanyinvertebrates(Allan,
1995),andisaffectedbylight,temperature,current,substrate,floods,waterchemistry
andgrazing(Allan,1995).Veryhighperiphytonbiomasscanimpairinvertebrate
assemblagesbydecreasinglevelsofdissolvedoxygen,particularlyatnight(DEP,2005).
Dissolvedoxygenlevelsusuallydecreaseatnightduetotheabsenceofalgal
2photosynthesis,whichproducesoxygen,andtocontinuedrespiration,whichconsumes
oxygen.Therefore,asevereincreaseinalgalbiomasswill furtherdecreasel velsof
dissolvedoxygenatnight.Veryhighperiphytondensitiescanalsomodifyrocksurfaces,
leavinginvertebratesunabletoattachorforagesuccessfully.
Fisharealsousedtoassesswaterqualityforseveralreasons:1)theyaremore
recognizedandappreciatedbythepublic,2)theyareeasilyidentifiedinthefield,3)
therearelargequantitiesofresourcesandreferencesontheirlifehistoryandecology,
and4)theyareusuallysecondaryconsumers,sotheirbiomassi partlydependentonthe
abundancesoforganismsthatserveastheirfood(OhioEPA, 1987).Recentwater
qualitystudiesbasedonfishcommunitydatahaveoftenusedmultimetricapproaches
suchastheindexofbioticintegrity(IBI). TheIBI wasoriginallydevelopedbyKarr
(1981)foruseinmidwestemstates,andhasbeenmodifiedtoreflectregionaldifferences
infishfaunasoutsidetheMidwest(Schleiger,2000).
Manyindicesandmetricshavebeendevelopedtorelatethestructureofaquatic
invertebrateassemblagestoambientwaterquality(Table1).Thesemetrics(described
furtherintheresultsection)includetheHilsenhoffBioticIndex(HBI),%EPT,%
Chironomids,ShannonDiversityIndex,and% tolerantaxa.
3Table1.Definitionsofpotentialmetricsandpredictedirectionofmetricresponsetoincreasing
perturbation(Barbour,1999).
AswiththeIBI oftenusedtoevaluatefishcommunities,multimetricanalysis
incorporatingseveraloftheabovemetricshasbecomestandardpracticeinanalyzing
macroinvertebratedata(Norris& Georges,1995;Rosenberg& Resh,1996).A
commonlyusedmultimetricapproachistheMacroinvertebrateAggregatedIndexfor
Streams(MAIS),whichincorporates10metricsintoasinglenumericalevaluationof
streamhabitatquality(Smith& Voshell,1997).
Asanalternativetothemultimetricapproach,multivariateanalysisusesstatistical
ordinationtechniquestosummarizedifferencesin invertebratecommunitystructure
amongsites.RosenbergandResh(1996)describefourcommonmethodsofmultivariate
analysis:1)directgradientanalysiswhereinvertebrateabundancesarerelatedto
environmentalv riables,2)inference,where nvironmentalv riablesarededucedfrom
speciescomposition,3)indirectgradientanalysiswheredifferencesinspecies
Metric Definition Predicted
responseto
stream
impairment
No. invertebrate Measurestheoverallrichnessofthemacroinvertebrateassemblage.Decrease
taxa
No.EPT NumberoftaxaintheinsectordersEphemeroptera,Plecoptera,nd Decrease
Trichoptera.
%EPT TotalabundancesofEphemeroptera,Plecoptera,ndTrichoptera Decrease
speciesdividedbythetotalnumberofinvertebratespersample.
%Filterers AbundancesofspeciesthatfilterFPOM(fmeparticulateorganic Variable
matter)fromeitherthewatercolumndividedbythetotalnumberof
invertebratespersample.
%Grazersand Abundancesofinvertebratespeciesthatscrapeorgrazeperiphyton Decrease
Scrapers dividedbythetotalnumberof invertebratespersample.
%Chironomidae Numberofmidgelarvaedividedbythetotalnumberof Increase
invertebratespersample
HilsenhoffBiotic Usestolerancevaluestoweightabundanceinanestimateofoverall Increase
Index pollution.Originallydesignedtoevaluateorganicpollution
4compositionamongsitesaresecondarilyinterpretedinrelationtoenvironmental
gradients,and4)"constrainedordination"whereaxesofvariationincommunity
compositionarecomputedbasedontheirfittoaccompanyingenvironmentaldata.Norris
andGeorges(1995)describesomeoftheweaknessesofmultivariateanalysis,including
1)eliminationofvariableswithmissingdata,2)lackof significancet sting,3)an
assumptionthatpredictivenvironmentalv riablesaremeasured,and4)theneedfora
largedatabaseofreferencesiteswithwhichtestsitescanbecompared.
Bothmultimetricandmultivariateapproachesu uallydependonthetaxonomic
structureoftheinvertebratecommunity,suchastheabundancesof invertebratefamilies
orgenera.Alternatively,invertebrateabundancesmaybetabulatedintermsofthe
functionalguildsrepresentedbytheorganismscollected(Norris& Georges,1995).
Invertebratefunctionalguilds,orfeedingroles,areclassifiedbasedbothonthekindof
foodconsumedandhowit isacquired.Functionalgroupsareusuallybrokendowninto
shredders,filterers,predators,crapers(orgrazers),andcollectors(orgatherers).
Shreddersconsumecoarseparticulateorganicmatter(CPOM)suchasleaflitterandare
typicallyfoundinsmaller,forestedstreams,orin largerstreamswithaccumulationsof
CPOM in depositionalareas(Cushing& Allan,2001).Commonshreddersaremembers
ofthedipteranfamilyTipulidae(craneflylarvae)andtheplecopteranfamilyLeuctridae
(stoneflynymphs).Predatorsareinvertebrateshatfeedonotheranimals.Thereare
manydifferentadaptations.Commonpredatorsaredragonflynymphsandmostspecies
of stoneflynymphs.Scrapers,orgrazers,havespecializedmouthpartsusedtoremove
algaefromrocksurfaces.Theyarefoundmostlyinareaswherelightisadequatefor
5algalgrowth(Cushing& Allan,2001).Commonscrapersarelarvaeofthetrichopteran
generaGlossosomaandNeophylax.Collectors(gatherers)arethemostcommon
functionalgroup.Theseinvertebrateshavedifferentmechanismsforgatheringfine
particulateorganicmatter(FPOM)throughoutthestream.Commoncollectorsare
nymphsofthemayflygeneraBaetisandCallibaetis.Filterersareoftendescribedasa
divisionofthecollectorguild,buttheyobtaintheirfoodbygatheringsuspendedparticles
fromthewatercolumn.CommonfilterersarethetrichopteranfamilyHydropsychidae
(caddisflies)andthedipteranfamilySimuliidae(blackflies).
A disadvantageofusingfunctionalguildsinsteadoftaxonomicstructureisthat
thefeedingmethodsofsomespecieschangeastheymature:(e.g.,laterinstarsof
Tanypodinechironomids,andlarvalhydrophilidbeetles).Thismakesassignmenttoa
specificfeedingroupdifficult(Norris& Georges,1995).Theevaluationoffunctional
guildstructure,however,canprovidevaluableinformationaboutstreamqualitythatmay
notbeimmediatelyevidentbasedsolelyontaxonomiccomposition.
EnvironmentalInfluencesonInvertebrateCommunityStructure
Macroinvertebratessemblagesmayrespondtoarangeofstreamandwatershed
characteristics,consideredfurtherbelow:(1)streamhabitat,(2)riparianvegetation(as
canopydensity),(3)physicochemicalonditions,(4)landuse,and(5)compositionofthe
fishcommunity.My studyfocusedontheresponseofmacroinvertebrateassemblagesin
rifflehabitatstothefirst3characteristics.Rifflehabitatswereselectedbecausethe
majorityofstreamqualityworkhasbeendoneusingrifflehabitats.Usingpoolhabitats
couldbeproblematicastheyusuallycontainfeweranddifficult-to-identifynvertebrates.
6Alsothereislittleliteraturetoextrapolater sultsofpoolhabitatstostreamquality
(PersonalcommunicationwithDr.JohnJacksonofStroudWaterResearchCenter).Data
regardinglanduseandfishcommunitycompositionareincludedasinferentialnd
supplementaldata.ThisinformationcanalsobeincorporatedinfuturestudiesofPlum
Runif needed.
StreamHabitat:Differencesinstreamgeomorphologyandsizecontributestronglyto
habitatdiversity,whichinturngenerallyenhancesthediversityof invertebrate
communities(Cushing& Allan,2001).Forexample,watervelocityusuallyincreases
withgradientandisnegativelyrelatedtodepth.A stream'sgradienthelpstodetermine
thealternationofrifflesandpoolsinsmallstreams.Poolsusuallyhaveslowercurrents,
whichallowfinerparticlestosettletothebottom;incontrast,thesteepergradientsand
fastcurrentsofrifflestransportfinersedimentsdownstream,leavingcoarsersubstrate
behind.Substrateypeandwatervelocityinturnstronglyinfluencethekindsof
invertebratespresent.
Streamorderisaclassificationsystemusedtodescribestreamsizeandposition
withinstreamnetworks.A firstorderstreamispermanentlyf owingandhasnoupstream
tributaries.Twofirstorderstreamsjoiningtogetherformasecond-orderstream(Allan,
1995).Thirdorderstreamsoccurbelowtheconfluenceoftwosecond-orderstreams,etc.
Streamorderthusprovidesaconvenient"shorthand"forsummarizingstreamsizeand
positionwithinastreamnetwork;bothoftheseattributesmayaffectheinvertebrate
community.
7Forexample,Paller,SpechtandDyer(2006)examinedtheeffectofstreamsize
onmacroinvertebratetaxaat27sitesin 12firstthroughfourthorderstreamsin South
Carolina.Theirresultsindicatedthatstreamwidthwaspositivelyrelatedtototalnumber
oftaxa,numberofEPT taxaandtotalnumberoforganisms.A studybyHeinoand
others(2005)of27rifflesitesintheRiverKiiminkijokinFinland,likewiseshowedan
increasein invertebratediversitywithincreasingstreamsize.
RiparianVegetation:Streamside(riparian)vegetationcoverfluctuatesfromurbanto
forestedareas.Riparianforestsprovidefoodforstreamorganismsintheformofwoody
debris,leaves,flowers,andterrestrialinsects(Klapproth& Johnson,2000).Forsmaller
(.sfourthorder)streams,theorganicdebrisofriparianvegetationisusuallyanessential
energyinput(Wheeler,Angermeier,& Rosenberger,2005).Riparianareasalsoretain
finesediment,metalsandnutrientsfromrunoff(WheeleretaI.,2005;Nerbonne&
Vondracek,2001).Treesstabilizestreambanks;reducebankerosionandincreasethe
diversityofstreamhabitatswhentheyfallintoordroplimbsintostreams(Klapproth&
Johnson,2000;WheeleretaI.,2005).Thesefallenlimbsandtreestronglyinfluence
channelfeaturesbycausingsmall-scaledepositionalnderosionalmicrohabitatswithin
thelargerstreamsegment,therebyinfluencingtherangeof substratesavailableto
invertebrates(Cushing& Allan,2001).
Instreamsegmentswithoutriparianforestcover,increasedlightpenetrationcan
increasestreamtemperatures,reduceoxygenlevels,andstimulatethegrowthofalgae
(Klapproth& Johnson,2000;Roy,Faust,Freeman,& Meyer,2005).Whereastrees
8effectivelyinterceptrunoffgeneratedduringprecipitationevents,theirabsencemaylead
togreatertemporalvariationinflowandnutrientcontent(Rios& Bailey,2006).
Ineffect,if streamsidev getationisaltered,theinvertebratecommunityis
ultimatelyaffectedthroughchangesinsubstrate,waterchemistryandfoodresources
(Weigel,2003).RiosandBailey(2006)showedtheeffectsofripariantreecoveron
macroinvertebratecommunitiesat33sitesontheUpperThamesRivercatchmentin
southwesternO tario.Theirstudyincludedthreespatialscales:theoutflowreach(a
segmentlengthequalto lOXthewidthofthestreamchannel),thestreamnetworkbuffer
(a30mbufferoneachsideofthestreamnetwork),andthewholebasin(the3500km2
studyareaoftheUpperThamesRiver).Theresultshowedthatmacroinvertebratet xon
richnessandSimpson'sdiversityincreasedwithincreasedtreecoverattheoutflowreach
scale.Simpson'sequitabilitydecreasedwithincreasedagriculturalusewithinthestream
networkbuffer.Agricultureinthisstudywasdefinedasagriculturaldrainsystems,
livestockgrazingandotheragriculturaluses.Incontrastwiththestreambuffernetwork
andoutflowreachscaleresults;landuseatthewholebasinscaledidnotsignificantly
affecthemacroinvertebratecommunity.
In effect,decreasingriparianvegetationshouldcauseadecreasein invertebrate
diversity,andcauseashiftinfunctionalguildstructurefromacommunitydominatedby
shreddinginvertebratestoonedominatedbyscrapers(RoyetaI.,2005).Stream
segmentswithlittleornocanopycovershouldalsohavehighertemperatures,increased
algae,increasedchlorophyll-a,ndmorevariabledissolvedoxygenthanclosed-canopy
sites.
9Physicochemicaleffects:Thewaterchemistryofastreamcanbeinfluencedby
precipitation,geologyandassociatedsoils,andbypointandnon-pointsourceinputsof
humanorigin.BelowI discusseveralphysicochemistryparametersknowtoinfluence
macroinvertebratecommunities.
Watertemperaturecanhaveastrongeffectonthemetabolismandlifehistory
attributesof invertebrates.Populationsof someinvertebratespeciesinwarmerclimates
cancompletealifecycleinlessthanayear,comparedtopopulationsofthesamespecies
incolderclimatesthatneedmorethanoneyeartocompletethelifecycle(Allan,1995).
Temperaturecaninfluenceinvertebratebodysize,fecundity,development,growth,
resourceconsumption,andegghatching(Allan,1995).Watertemperatureismodified
byriparianvegetation,overlandrunoffandotheranthropogenicinputsuchassewage
treatmentplants.Theeffluentfromsewagetreatmentplantsiswarmandcanincreasethe
temperatureofthewaterdownstreamoftheplant.InastudybyWheeler(2005),runoff
fromimpervioussurfaceswasestimatedtoincreasestreamtemperaturesby0.25°Cfor
every1%increasein imperviousarea.Sweeney(1986)examinedtheimpactofwater
temperatureonlarvaldevelopmentofthewinterstoneflySoyedina(familyNemouridae).
His studyfoundthatincreasingtemperaturesignificantlyacceleratedgrowthratesand
reducedthedevelopmenttimeofthelarvae.
A pHoflessthan5orgreaterthan9isconsidereddetrimentaltomostaquatic
organisms(Voshell,2002).LowpHcanlowerthedensityanddiversityofaquatic
macroinvertebratesndcauseaspecieshiftinthecommunityowardsmoretoleranttaxa
(Keener& Sharpe,2005).
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Conductivityisameasureoftheabilityofwatertopassanelectricalcurrent,and
isdirectlyproportionaltoionconcentration(Allan,1995).Themajorionsexpectedin
mostregionsarethecationsCa2+,Mg2+,Na+andK+,andtheanionsHC03-,cot, cr
andsol-. Rockweatheringaccountsforthemajorityofcalciumandmagnesiumfound
naturallyinstreams,resultinginwidelyrangingconductivityvalueswithinstream
networkscrossingmultiplebedrocktypes.Human-inducedincreasesinconductivitycan
bebroughtaboutbysewageinputsandroadsalt(Allan,1995).Wheeleretal.(2005)cite
astudyofaPennsylvaniastreambyWeberandReed(1976)thatshoweda20-30fold
increaseinstreamconductivityduringwinterwhentheicewithroadsaltmeltedandran
intothestream.Becausemostsolutesarein ionicform,totaldissolvedsolids(TDS)and
conductivityarestronglycorrelatedasdescriptorsof ionconcentration.
Dissolvedoxygenisusuallynearsaturationi smallstreams(Cushing,2001).
Concentrationsofdissolvedoxygenmaydeclineatnightintheabsenceof
photosynthesis,anddecreaseinwarmwaterowingtoeffectsoftemperatureonoxygen
solubility.An increaseinorganicpollutionincreasesthebiologicaldemandforoxygen
bydecomposersandthusreducesoxygenlevelsinthewater.
Sedimentandnutrientloadingcancausesubstantialimpactsonstream
invertebrates.An increaseintheamountofsedimentsinastreamaffectsinvertebrate
communitiesbyreducingbothfoodandhabitat(Nerbonne& Vondracek,2001).Streams
inwatershedsominatedbyimpervioussurfacesoftenexperienceonsiderablerunoff
andconsequentheavysedimentloading.Increasedsuspendedsedimentsdecreaselight
penetration,reducingphotosynthesisanddissolvedoxygenlevels(Allan,1995).
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Sedimentsmayalsointroducetoxinsandabrasivesuspendedmaterialsintostreams
(Lemly,1982;Klapproth& Johnson,2000)andmay,likeexcessiveperiphyton
accumulation,renderrocksurfacesunsuitableforhabitationbysomekindsof
invertebrates.Ina 1996surveybyUSEPA, sedimentwasthemostcommonagricultural
pollutant,contributingto50%ofimpairedstreams(WheeleretaI.,2005).
Nutrientsuchasphosphorusenterstreamsmostlythroughsoilerosionand
sewageinputs(Cushing,2001).Increasedphosphorusinastreamcanstimulatethe
growthofalgaeinthepresenceofadequatelight.Asdiscussedearlier,highalgal
densitiescanintensifythedailyfluctuationi levelsofdissolvedoxygenandmodifyrock
surfaces,impairinginvertebrateassemblages.
WatershedEffects(landuse):Urbanizationcanbedescribedasdevelopmentwithina
watershedinwhichpreviouslandusesofruralareasarechanged(Kemp& Spotila,1997;
WheeleretaI.,2005).Urbanizationcanimpactstreamcommunitiesbyincreasingthe
prevalenceof impervioussurfaceareas.Impervioussurfaceisgenerallydefinedasany
material(e.g.,roads,sidewalks,rooftops,compactedsoil)thatpreventsheinfiltrationof
waterintothesoil(Arnold,Gibbons,& James,1996;WheeleretaI.,2005).Stream
degradationa dalteredmacroinvertebratecommunitiescanoccuratrelativelylowlevels
(~10%)of imperviousness(ArnoldetaI.,1996;WheeleretaI.,2005).Basedonamapof
theBrandywinewatershedpreparedin 1998,thePlumRundrainagebasinhad11-13%
imperviouscover(ChesterCountyWaterResourcesAuthority).A studybyRobson,
SpenceandBeech(2006)ofa374-hacatchmentinEnglandshowedstrongeffectsof
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increasedimpervioussurfaceareaonstreaminvertebrates,includingdeclinesinthe
numberoftaxa.
Increasedamountsof impervioussurface,usuallyassociatedwithurbanizationi
awatershed,canaccentuatet mporalvariationinstreamflow.AccordingtoWheeleret
aI.(2005),approximately20%pavingofthewatershedcancauseupto10-foldincreases
infloodfrequency.Thisincreaseinfloodingerodestreambanksanddeepensthe
channel,thuschangingthegeomorphologyofthestream.Impervioussurface,inaddition
tomodifyingthequantityofwaterinstreamchannels,alsomodifieswaterchemistryby
increasingtheamountofcontaminantsthatenterastream.Thesecontaminantsarea
leadingcauseof streamwaterimpairment(RobsonetaI.,2006),resultinginalteredwater
chemistryandincreasedsedimentation,leadingtoadecreaseinthediversityor
abundanceof sensitiveinvertebrates(Lieb& Carline,2000;RoyetaI.,2003).
Waterqualitymaybeaffectedbyother(non-urban)landusesaswell. Landuse
categoriesdescribedinthisthesisincludeagriculture(pastureorcropland),forestedland
(deciduous,evergreenandmixed),water(streams,canals,lakes,reservoirs,baysand
estuaries),wetlands,barrenlands(beaches,quarries,tripmines)andrangeland(mostly
grasses)(USGS,n.d.).Agriculturallanduseisaleadingsourceofwaterpollutionand,
accordingtoaUSEPA waterqualitystudy,isacontributingfactorfor70%ofimpaired
streams(Nerbonne& Vondracek,2001).Bycontrast,watershedswithpredominantly
forestedlandtendtoretainwaterandcontaminants,reducingtheimpactsofrunoffon
streamsystems(RoyetaI.,2003).
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Fish: Theeffectoffishpredationonmacroinvertebratesinstreamsi poorly
understood,canvarygreatly,andisofteninconsistent(Williams,Taylor& Warren,
2003;Dahl,1999;Gibson,Ratajczak& Grossman,2004).AccordingtoDahl(1999),
someofthisvariationcanbeduetodifferencesinfeedinghabits.Fishfeedingon
invertebratesassociatedwiththestreambed,forexample,mayhavemoreofanimpacton
benthicmacroinvertebratesthandrift-feedingfish,whichmayconsumeproportionally
moreterrestrialinsectsthatfallintothestream.Culp(1986)usedcontainerswith
differentdensitiesof salmonfryandallowedinvertebratestocolonizethecontainers;his
resultshowedthatdensity,biomassandsizedistributionof invertebratesinthedriftand
thebenthoswereunaffectedbythefish.
Invertivores,primarilyinsectivores,arethedominantfishtrophicguildofmost
NorthAmericansurfacewaters.As theinvertebratefoodsourcedecreasesinabundance
anddiversityduetohabitatdegradation,thereisashiftfrominsectivoroustoomnivorous
fishspecies.
Habitatdisturbancesthataffectinvertebratepopulationsmayalsoaffectfish
populations(Lemly& Crawford,1982).Evenafewkilometersofunshadedstream
channelareenoughtomakeaperceptibledifferenceintemperatureanddetermine
whethersomefishspecies,includingtrout,canoccupythatstreamsection(Cushing&
Allan,2001).Therefore,habitatcaneitherdirectlyaffectheinvertebratecommunity,or
indirectlyaffectit throughchangesinabundanceorspeciescompositionwithinthefish
community.
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TheRiverContinuumConcept:TheRiverContinuumConcept(RCC)isa
comprehensiveandbroadlyacceptedparadigmoftenusedtodescribeastream's
ecosystemfromitssourcetoitsmouth,andincludespredictedshiftsininvertebrate
functionalfeedingroups(VannotetaI.,1980).Theconceptincorporateschannelsize,
riparianvegetationandmacroinvertebratediversityamongmanystreamattributes.In
narrowheadwaterstreams( treamorders1-3)withripariancanopies,forexample,
respirationisexpectedtoexceedprimaryproductionasaresultof increasedleaffallfrom
streamsidetrees(augmentingrespirationassociatedwithleafdecomposition)andshading
(decreasingphotosynthesis).Inthesestreamorders,shreddersandcollectorsare
expectedtodominatetheinvertebratecommunityduetotheincreasedvegetativedebris
inthestream(Cushing& Allan,2001;VannotetaI.,1980).Fishspeciesarefewand
smallinsize.Indownstreamsections(streamorders4-6),primaryproductionis
predictedtoexceedrespiration.Increasedstreamwidthpermitslessshadingofthe
streambedbyriparianvegetation;therefore,highertemperaturesandlightlevelsoften
promotealgalgrowth.Herecollectorsdominatetheinvertebratecommunity,shredder
populationsdecrease,andgrazers(scrapers)increase(Cushing& Allan,2001).Fish
diversityandsizeareexpectedtoincreasedownstream,accompanyingthegreater
availabilityofdeeppools.
PlumRun
HereI describethephysical,chemical,watershedandbioticfeaturesat14sites
withinthestreamnetworkofPlumRun(Fig.1,AppendixB). PlumRunisatributaryof
theBrandywineCreekin ChesterCounty,Pennsylvania,witha9.6km2watershed.
15
PlumRuniscomposedoftwomainbranches(eastandwest),eachwithvarious
tributaries.TheEastBranchofPlumRuncomesoutfromanundergroundstormwater
pipenearHighStreetbyWestChesterUniversity'snewPerformingArtsCenter.The
EastBranchthenpassesthroughtheRobertB. GordonNaturalArea(GNA)nextothe
university'sSouthCampus.TheWestBranchemergesfromanundergroundpipeonthe
westsideofNewStreetadjacenttouniversityparkinglotF. Thetwobranchesjoinnear
theintersectionfRoute52andTigueRoad,andthestreamemptiesintotheBrandywine
CreeknearLenape.
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Figure1.PlumRunwatershed,with14samplingsitesstarred.
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PlumRunwasdesignatedan"impaired"streambythePennsylvaniaDepartment
ofEnvironmentalProtection(PADEP)in 1997,andis includedintheCleanWaterAct
section303(d)listof impairedwaters.Theprincipalcausesofimpairmentlistedby
PADEPwereconsideredtobesiltationfromagriculture,andeffectsofurban
runoff/stormsewers(WRAS,2003).DesignatedusesforaquaticlifeinPlumRunare
listedasWarmWaterFishery(WWF)andMigratoryFishery(MF). Thedesignationof
WWFprovidesminimumprotectionforstreamsinPennsylvania(PennFuture,2006).
AccordingtoThePennsylvaniaBulletin[26Pa.B.2659],theStormWater
ManagementActrequiresPennsylvaniacountiestoplanandimplements ormwaterplans
fordesignatedwatersheds.Theseplansaddresstheimpactsofdevelopmentonexisting
stormwaterrunofflevelsandrecommendmeasurestocontrolacceleratedrunoff.Atthe
timeofthisstudy,PlumRunwasnotadesignatedwatershedforanAct167plan.
ObiectiveandPredictions
Thisprojectis intendedasabasemodelforfuturestudiesofthewatershed.
Thesestudiescouldbethroughuniversityclasses,thetownship,orotherorganizations.It
wasalsotheintentionthathisstudybehelpfulinarestorationplanforthestream.The
studyfocuswastorelatevariationin theinvertebratecommunityof PlumRunto
differencesinenvironmentalcharacteristicsofthe14sitessampled.I will evaluatethe
followingpredictions:
StreamHabitat:My measurementsof treamgeomorphologyincludedstreamwidth,
depth,streamorder,gradientanddischarge.I predicthatstreamsizewill bepositively
relatedtomacroinvertebrated nsityandrichness.AspredictedbytheRCC,maximum
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richnessi reachedinmid-orderstreams(PalleretaI.,2006).Sinceallstreamsegments
withinthePlumRunstreamnetworkarenolargerthanfourthorder,macroinvertebrate
densityandrichnesshouldincreasewithincreasingorder.
RiparianVegetation:I predicthatsiteswithgreaterripariancanopycoverwill have
loweramountsofperiphytoncWorophyll-a,lowerstreamtemperatures,andexhibit
oxygenlevelsthataredrivenmorebyexchangewiththeatmospherethanby
photosynthesis.Thesehabitatcharacteristicsnturnwill affecthemacroinvertebrate
communitybymaintainingahighproportionof shreddersandfewerscrapers.By
contrast,I predicthatsiteswithlittleriparianforestcoverwill haveahigherpercentage
ofpollutiontoleranttaxa,aswellasashiftinthefeedinguildstowardmorealgal
scraperswhencomparedtositeswithripariancanopycover.
Physicochemical:I measuredtemperature,dissolvedoxygen,specificonductance,total
dissolvedsolids(TDS),pH,totalphosphorusandchlorophyll-a.Asmentionedabove,
siteswithhigherchlorophyll-acountsarepredictedtohaveahigherpercentageof
invertebratesthatfeedonalgae.Siteswithhigherspecificonductance(andalsohigher
TDS)arepredictedtohavecommunitiesofmorepollutiontolerantinvertebrates.Higher
levelsof totalphosphorusmaybeconnectedwithsitesthathavehigherlevelsof
chlorophyll-asince,asmentionedpreviously,increasedphosphoruscanstimulatethe
growthofalgae.
I predicthatdissolvedoxygenlevelswillbenearsaturationatallsitessince
measurementsweretakenduringJunewhenphotosynthesisandrespirationarelikelyto
belessimportantthanlaterinthesummer.However,nutrient-enrichedsiteswith
particularlylongstretcheswithoutriparianshadingupstreammayhavehigheroxygen
levelsowingtoincreasedphotosynthesis.
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II. METHODS
StudySites:FoursiteswerechosenontheEastBranchofPlumRun(1,3,9,14),twoon
theWestBranch(10,11),fouronthemainstem(6,7,8,13),andfourontributaries
(2,4,5,12).Siteswerechosenaftereviewingamapofthewatershedandobserving
multiplelocationsinthefield.OnlytwositeswerechosenontheWestBranchbecause
afterinitialobservationthereappearedtobetoolittledifferencebetweensites10and11
towarrantestablishinganothersitebetweenthem.A 50-msamplingreachwasdefined
foreachofthesites.The50-mboundarieswerechosentoincludereachescontaining
bothrifflesandpoolssuitableforinvertebratesandfishthatcouldbeusedforsampling.
All 14sites(starredinFigure1andlistedinAppendixB)werevisitedinMarch2005,
andwereaddedtoaGISdatabaseusingaGlobalPositioningTrimblePro-XRbackpack
unit.All samplingandmeasurementsweredoneduringbaseflowconditions.
PhysicochemicalConditions:Waterchemistrymeasurementswereobtainedforeach
site,atvarioustimesduringtheday,betweenJuneandAugust2005usingaYellow
SpringsInstrument(YSI) 6600datasonde(Table2). All measurementsweretakenat
baseflow,atlocationswherewaterdepthallowedsubmersionofthesondeprobes(>15
em).YSI measurementsincludedtemperatureCC),specificonductance(IlS/cm),total
dissolvedsolids(g/L),dissolvedoxygen(%saturationandmg/L),andpH. TDSandpH
wereaveragedovertwosamplingdates(Table2).
Totalphosphorusconcentrationsweredeterminedfromwatersamplestaken
duringthefirstsamplingdateateachsite.ThesesamplesweresentoPADEP for
analysis.
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Table2. Datesandtimesofthephysicochemicalmeasurementspersite.
StreamHabitat:Streamwidthateachsitewasmeasuredat6locations,each5mapart
withina25msegment,andaveraged.Threedepthsweretakenalongeachofthe6
transectsusedtomeasurewidth(n=18),andaveragedtoobtainmeandepth.
weD undergraduates udentDanielleVames,underthedirectionofDr.TimLutz
(DepartmentofGeologyandAstronomy),performedadditionalgeomorphological
-
Site# Date/Time#1& Date/Time#2 D.O.& Temp
TP sample measurements
1 6/15/05at10:30am 6/28/05at10:38am 8/24/05at10:45am
2 6/14/05at9:30am 6/22/05 10:30am 8/24/05at10:05am
3 6/14/05at2:00pm 6/22/05at11:15am 8/24/05at10:25am
4 6/20/05at12:03pm 6/29/05at9:11am 8/24/05at9:40am
5 6/21/05at9:15am 6/30/05at10:54am 8/23/05at11:20am
6 6/21/05at10:16am 6/30/05at1:23pm 8/23/05at11:38am
7 6/16/05at9:25am 6/30/05at3:42pm 8/23/05at1:15pm
8 6/15/05at9:00am 6/30/05at9:11am 8/23/05at12:35pm
9 6/20/05at11:45am 6/29/05at9:05am 8/24/05at9:25am
10 6/21/05at1:11pm 6/28/05at9:24am 8/23/05at8:47am
11 6/20/05at9:10am 6/24/05at10:14am 8/23/05at9:34am
12 6/20/05at9:20am 6/24/05at10:20am 8/23/05at9:57am
13 6/16/05at11:30am 6/23/05at11:32am 8/23/05at10:21am
14 6/21/05at12:07pm 6/23/05at9:07am 8/24/05at9:05am
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analysesata1114sitesduringthesummerof2005.At eachsitemeasurementsofthe
positionof thedeepestpartof thechannelanditselevationweremaderelativetoa local
coordinatesystemusinganopticaltransitandstadiarod.Measurementsweremadeat
pointsalongthechannel,extendingasfaraswaspracticalgiventheavailablelinesof
sight.Themedianchannellengthoverwhichmeasurementsweremadewas
approximately80meters.Waterdepthwasalsomeasured.Fromthemeasurementsa
profileofthechannelandwatersurfacewasconstructedforeachsite(AppendixB).
Channelengthwasestimatedusingthemapcoordinates;gradientwascalculatedasthe
differencein watersurfaceelevationattheupstreamanddownstreamendsof theprofile
dividedbythechannellength.
Canopydensity/vegetationcomposition:Fourmeasurementsofcanopycoverwere
takenusingaconcavedensiometerattworandomlocationswithinthe50-meterreach
definingeachsite.At bothlocations,canopyestimateswereobtainedfacingupstream,
downstream,rightandleftban1eTheextentofriparianvegetationwasbasedonvisual
estimatesfromthe25msegmentusedforwidthanddepthanalyses,andapproximatedto
thenearestmeter.If theextentwaslessthan30metersitwasapproximatedtothe
nearestmeter.If theextentwasgreaterthan30meters,">30"wasrecorded.
FlowMeasurements:A pygmy-Gurleyflowmeterwasusedtotakeflowrate
measurementsa eachsiteontwodates(8/23/05and8/24/05).A transectwas
establishedacrossthestreamatalocationwithadequatedepthtosubmergethe
flowmeter,andwithsimplehydraulicharacteristics(fairlyuniformflowandfew
obstructions).Flowestimateswereobtainedfrommultiplesegmentswithinthestream
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cross-sectiondefinedbythetransect,andsummed.Toobtaindischargerate,all
measurementsweretakenduringbaseflow.
PeriphytonAbundance: Periphytonwascollectedforchlorophyll-aanalysisonthe
samedaysastheinvertebratesampling(6/23/05-6/30/05)usingaPEP(Pennsylvania
EpilithicPeriphyton)samplerdesignedbyPADEP(Fig.2). Sixrockswerechosenfrom
riffleswithinthe50-meterreachateachsite.Rockswithflatsurfaceswereselectedto
ensurethewatertightsealneededtoeffectivelyusethePEP sampler.An areaof 118cm2
wasscrubbedfromeachofthe6rocks.Therockswerescrubbed4timeswithahard-
bristledbrush,eachtimeremovingthematerialwith30ccofrinsewaterwitha60-cc
syringe.Theslurriesfromeachofthe6rockswerecombinedanda40mlaliquotfrom
thecombinedvolumewasfilteredthroughaWhatmanGF-Cglassfiberfilterwith1ml
ofMgC03oThefiltersweregroundin 15mLofhot90%ethanol,placedinacentrifuge
tubeandstoredin therefrigerator(in thedark)overnight.Thesampleswerecentrifuged
for10minutesanddecantedintoa l-cmcuvette.ThesampleswerereadwithaPerkin
ElmerLambda35DualBeamUVNIS spectrophotometera 665and750nm.The
readingat750issubtractedfromthereadingat665nmtoobtainE665b'.Thesamples
werethenacidifiedwith1N HCL andagainreadat665and750nm.Thereadingat750
nmwasagainsubtractedfromthereadingof665nmtoobtainE665a'.Chlorophyll-a
andphaeophytin(adecompositionproductofchlorophyll-a)werecomputedin~g/cm2
usingcalculationsbasedonNusch(1980):
Chl-a=29.6*(E665b'-E665a')*(15)*(VSAMPNFILT)/A (1)
Phaeo=20.8*(E665a)*(15)*(VSAMPNFILT)/A-Chl-a (2)
- -- - ~-
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WhereA=theareaofthesubstrate(117.81cm2),VSAMP=thevolumeofthesample
(720cm\ andVFILT=thevolumeofthefiltration(40cm3).
WatershedAnalysis:WeD GeographygraduatestudentMikeMcGeehin,underthe
directionofDr.JoanWelch,usedArcGIS(EnvironmentalSystemsResearchInstitute,
Inc.)tocomputesubbasinareasupstreamofeachsamplingsite,andthepercentageof
totalareaof 11landuseswithineachsubbasin(asubbasin,orsubwatershed,isa
subdivisionofalargerwatershed).Landusevariableswere%pasture,%community
service(theuniversityandotherinstitutionalndpublicfacilities),%parking(parking
lots,independentfrombuildings),%lowresidentialhousing,%multiplefamily(MF)
residences,%recreation(parks),%vacant(unpaved,undevelopedland),%woodedarea,
%commercialland(privatebusinessandretail),%water(pondsandotherwatersnot
partofPlumRun),and%highwaytransportation.
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Fishsampling:Spatialvariationinthefishassemblagewithinthestreamnetworkwas
evaluatedinMay2005withthehelpoftwostaffmembersofthePhiladelphiaWater
DepartmentandfourWeD undergraduates.All 14sitesweresampledusingaSmith-
RootLR24backpackelectrofishingunit.Twopassesofa50-meterreachweretypically
performedateachsite.Verysmallstreamsizeandtheincreasedprobabilityofcapturing
allfishpresentatsite1justifiedthedecisiontolimitelectrofishingtoasinglepass.An
estimated100-mofstreamwassampledatsite4withasinglepass;densevegetation
precludedcontinuouselectrofishingofthereach.Fishweretypicallyidentifiedtospecies
onsiteandreturnedtothestream.Inseveralinstanceswheretheidentitywasuncertain,
fishwerepreservedin70%ethanolforlateridentificationi thelab.Totalfishwere
expressedasdensities/m2of streamsurface.
Invertebratesamplin2.
Pilot Study:Qualitativesamplesof invertebrateswerecollectedonMarchih, 9th,and
10th,2005.Invertebrateswerecollectedusingakickscreen(-1.5 mmmesh)attworiffle
locationswithineachsite.Invertebrateswererandomlyremovedfromthescreenuntil
approximately100individualswerecollected.Theactualcountswere123-252
individuals.Theinvertebrateswereidentifiedtogenusorfamily.Becauseofthelarge
meshsizeof thekickscreenused,andthesemi-quantitativenatureof thesampling,the
dataarenotformallyevaluatedintheResultsection,butareincludedinAppendixA to
provideataxonomicsummaryoftheassemblageduringearlyspring.
June Study:Aquaticinvertebratesweresampledquantitativelybetween6/23/05-
6/30/05.One-ft2Surbersamples(250-llmmesh)wereobtainedfromeachoffourriffles
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withinthe50-meterreachateachsiteandcombinedintoonesample.All invertebrates
anddebriscollectedwithintheSurbersamplerwerewashedinto250-J.1II1meshsieves,
thentransferredtopolybottlesandpreservedin90%ethanol.
Priortoidentification,mostsampleswerefirstpassedthroughasplitter(Figure3)
toreducecountingefforto221-676totalinvertebrates.Thesplitterwasacylindrical
tubewitha250-J.1II1meshscreenatthebottom.Thescreenhadablacklinedrawndown
thecenter.Onesideoftheline(rightorleft)waschosenrandomlyandthesamplewas
pouredintothesplitter.Onlyinvertebratesthatfellonthechosensideofthelinewere
identified.ThesampleatSite1wasnotsplit.Site2wassplitonce,andhalfwas
identified.Samplesfromtheremainingsitesweresplittwiceandy,.oftheoriginal
samplewasidentified.Invertebrateswerethenseparatedfromthesedimentandorganic
debrisandtypicallyidentifiedtogenus.Flatworms,nematodesandoligochaeteswere
identifiedtoorder;chironomidsandbaetidmayflieswereidentifiedtofamily.
.
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Figure3. Samplesplitter(250-llmmesh)
(phototakenbyDanielleDiFederico)
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DataAnalvsis
DatawereanalyzedusingSPSSversion15.0unlessotherwisespecified.A
varietyofmetricswereusedtoexaminetheinvertebratedata.Becausevaluesofmanyof
theinvertebratemetricsusedinthestudyaresensitivetothenumberoforganisms
examined,invertebratenumbersusedforcomputingthesemetricswerereducedto
randomsubsetsof200individualsselectedfromtheoriginaldatausinganauto-
resamp1ingroutinedevelopedin SAS(StatisticalAnalysisSystem)byDr.CharlesDow
attheStroudWaterResearchCenterinAvondale,Pennsylvania.Eachsamplewas
randomlysubsamp1ed1000times.At theendofeachsubsamp1ing,metricswere
calculated.The1000individualestimatesofeachmetricwerethenaveragedforeach
site.
TheMAIS (MacroinvertebrateAggregatedIndexforStreams)isamultimetric
indexincorporatingthevaluesof 10metrics(describedinmoredetailbelow):
EphemeropteraRichness,EPT Richness,IntolerantTaxaRichness,% Ephemeroptera,%
EPT,% 5DominantTaxa,SimpsonDiversity,HBI,% Scrapers,and%Haptobenthos.
TheMAIS scorewasbasedonfamily-leveltaxonomyofa200-invertebratesample.
BasedontheMAIS calculation,siteswereclassifiedbasedonscorespotentiallyranging
from0-20:<6=poor;6-13.1=fair;>13.1=good(Smith,1997).
Ephemeropterarichnessi thenumberofmayflyspeciespersample.EPT
richnessisthenumberoftaxawithintheinsectordersEphemeroptera,P1ecopteraand
Trichoptera(mayfly,stoneflyandcaddisfly).Intoleranttaxarichnessi thenumberof
invertebratefamilies,persample,withtolerancevaluesof.:s5.
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PercentEphemeropteraistheabundanceofallmayfliespersampledividedbythe
totalnumberof invertebratesinthatsample.PercentEPT isthenumberof invertebrates
intheordersEphemeroptera,PlecopteraandTrichopteradividedbythetotalnumberof
invertebratesinthatsample.
Percent5dominanttaxaisthecombinedpercentcompositionofthe5numerically
mostabundanttaxapersample.SimpsonDiversityintegratesspeciesrichnessand
evennesstomeasuregeneraldiversity.It isexpectedtodecreaseinresponseto
disturbance(Smith,1997):
D =1- ~p? (1)
whereD is thediversityindex,Piis theproportionof individualsin theithspecies,and~
means"sumof' (Allaby, 1998).
TheHilsenhoffBioticIndex(HBI)wascalculatedasthemeanweightedtolerance
valueoftaxapresentinthesample(withtolerancesbasedonPADEP valuesusedin
UnassessedWaterssurveys,andweightingbasedontaxonabundances)(Barbour,1999):
HB] =Iniai /N (2)
whereni=thenumberof individualsoftaxoni, ai=thetolerancevaluefortaxoni, andN
=thetotalnumberof individualsinthesample.
Percentscrapersi thepercentcompositionof invertebrateshathavemouthparts
designedtoscrapeperiphytonfromthesubstratum.Percenthaptobenthosisthe
percentageoforganismsthatclingorcrawlonrocksurfaces.Theyrequireclean,rough,
firmsubstrates(Smith,1997).Theyareassociatedwith,butdonotlivewithin,substrates
suchassnags,roots,brush,orlargerocks(Neuswanger,1982).
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Anothermetricoftenusedinwaterqualitybioassessment,butnotincludedinthe
MAIS, istheShannonDiversityIndex.ShannonDiversityIndex(H') isanequation
wheretheproportionofeachspeciesi is firstmultipliedbyitsnaturallogarithm(lnpi).
Theresultingproductsaresummedacrosspecies,andmultipliedby-1(Beals,2000):
s
H'= - LPi InPi
i=!
(3)
A majorpurposeofthestudywastorelatetheinvertebrateassemblagetothree
groupsofhabitatvariables:1)streamsize,2)canopycoverandassociatedwater
chemistryand3) landuse. Becauseof thelargenumberof interrelatedvariables
comprisingeachgroup,methodsweredevelopedtosummarizetheircovariation,
producingasmallernumberofvariablesthatcouldthenberelatedtotheinvertebrate
communityasdescribedbelow.
Streamsizewasjointlydescribedby6variables:gradient,streamorder,depth,
width,dischargeandpercentriffles.Thesewerestronglyinter-correlated.Principal
ComponentsAnalysis(PCA)wasthereforeusedtocreateasingle,compositevariable
(PCAaxis1)thatcapturedmuchofthevariationamongsitesexpressedbytheoriginal
variables.PCA1wasthenusedasasurrogateodescribeffectsof streamsizeonthe
invertebratecommunity.
Inspectionofcanopycoveratthe14sitesindicatedthatsitescouldbedescribed
aseitherhaving"closed"canopies(withtreecover~80%basedoncanopydensiometer
readings),or"open"canopies(withdensiometerreadings<80%).Meanestimatesof
watertemperature,dissolvedoxygensaturation,chlorophyll-a,pH,totalphosphorusand
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specificconductancewerethencomparedbetweenopenandclosedcanopysitesusinga
seriesof two-samplet-tests.
Principalcomponentsanalysiswasalsousedto summarizedifferencesin landuse
amongthesubwatersheds.CononicalaxesPCAI andPCA2wererelatedtothe11land
usecategoriesandusedin a2-dimensionalordinationplotsummarizingdifferences
amongsubwatersheds.
Spearmanrankcorrelationanalysisandlinearregressionwereusedtomeasure
therelationshipbetweentheinvertebratecommunityandenvironmentalvariables.
Spearmancorrelationisanonparametricrankstatisticusedtomeasurethestrengthofthe
relationshipbetweentwovariables(Weisstein,2002).Linearregressionillustratesthe
relationshipbetweentwovariablesbyfittinga linearequationtoobserved ata:
y=a +bX (4)
WhereX istheexplanatory(inthiscaseenvironmental)variableandY isthedependent
variable(inthiscaseameasureof invertebratecommunitystructure).
III. RESULTS
Threemajorgroupsofenvironmentalv riablesarefirstevaluated:1)stream
habitat,2)ripariancanopycoveranditseffectsonwaterphysicochemistry,and3)
subbasincharacteristicswithinthelargerPlumRunwatershed.Macroinvertebrate
communitymetrics,taxonomicstructureandfunctionalguildcompositionarethen
relatedtostreamsize,ripariancoverandwaterphysicochemistry.Inthefinalsection,
densitiesandspeciesabundancesoffishinthePlumRunstreamnetworkarealsobriefly
relatedtovariationinthemacroinvertebratecommunity.
StreamHabitat:The14samplinglocationsencompassedarangeofstreamchannel
sizesandwaterflow,withsmallersitestypicallyoccupyinghighergroundonthe
peripheryofthewatershed.Bothheadwatersites(1,10)hadthesamelevationof
117.35m(Fig.4). Thefurthestdownstreamsite(7)hadanelevationof53.34m,
resultinginanoverallelevationalchangefromsourcetomouthof64m.
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Figure4.PlumRunwatershed,showingelevationandsitelocations.Fivefootcontourlinesindicating
streamgradientsforthewatershed.Thehighestelevationis 146meters;thelowestis 51.8meters.
(providedbyDr.GaryCoutu,WestChesterUniversityDepartmentofGeographyandPlanning).
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Headwatersiteswithsmallerwidths,depthsanddischargewerealso
characterizedbyhighergradientsandconsequentlyhigharealpercentagesofriffle
habitat(Table3).
Table3. Variationamongsitesinvariablesrelatedtostreamhabitat.Highestandlowest
numbersareinbold.
Depth,width,order,anddischargewereallpositivelycorrelated,increasingwith
distancedownstream(Table4). All fourvariableswerenegativelycorrelatedwith
gradientandpercentrifflehabitat,bothof whichweregreatestatupstreamsites.
Table4:C I" . hIesd 'hi 0.0' *.. 0.01
Site# MeanWidth MeanDepth % Riffles Gradient St.Order Discharge
(m) (em) (m/m) (LIsee)
1 1.2 5.65 33 0.017 2 0.25
2 1.5 6.51 78 0.032 1 1.23
3 2.2 12.4 50 0.009 2 16.25
4 1.6 7.9 67 0.038 4 5.05
5 1.2 8.9 23 0.014 1 3.44
6 3.8 20.2 17 0.004 4 31.70
7 3.5 15.2 25 0.003 4 49.49
8 3.4 21.2 26 0.004 4 52.85
9 3.1 12.9 34 0.012 2 11.62
10 2.1 9.78 20 0.011 1 6.69
11 2.8 8.93 61 0.014 3 9.47
12 0.9 6.7 72 0.047 2 3.99
13 3.8 14.5 79 0.012 4 35.67
14 3.0 11.3 36 0.009 3 14.99
.uuatIonsamon vaL_..-- _--u"om ..--_m ."-.- I' .---, '= P<L..-
Depth Width % Riffles Gradient Order Discharge
Depth 1
Width
0.844** 1
% riffles
-0.456 -0.263 1
Gradient
-0.695** -0.734** 0.690** 1
Order
0.636* 0.693** 0.012 -0.271 1
Dischar!!:e
0.887** 0.810** -0.292 -0.616* 0.734** 1
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PrincipalComponentsAnalysis(PCA)wasusedtocreateasmallernumberof
compositevariablescapturingmuchofthecovariationamongthesixvariablesrelatedto
streamsize.ThefirstaxisofthePCA (PCA1)explained67%ofthevariationinthe
originalvariables;PCA1waspositivelyrelatedwithdepth,widthanddischarge,and
negativelyrelatedtostreamgradient(Table5). PCA2explainedanadditional21.2%of
thetotalvariationandwaslargelydeterminedbytheproportionofrifflehabitat.
Table5. Correlationsofthefirsttwoaxes
ofaprincipalcomponentsanalysis
describingstreamsizewiththesix
variablesfromwhichtheywerederived.
SimilaritiesinsizeamongsitesareshownasascatterplotfPCA2vs.PCA1in
Figure5. Downstreamsites6,7and8occurattherightsideoftheplot,whereassmaller
headwaterstreamsegments(e.g.,sites1,2,4,5and12)occupytheleftsideofthefigure.
Therelativelyhighproportionofrifflehabitatatsites4, 12and13isconsistentwiththeir
positionearthetopofthefigure.
SizeVariable PCAl PCA2
Depth(em) 0.946 0.022
Width(m) 0.921 0.158
%Riffles -0.498 0.797
Gradient(m/m) -0.912 0.470
StreamOrder 0.710 0.589
Discharge(Lisee) 0.918 0.212
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PrincipleComponentsAnalysis for StreamSize
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Figure5. Principalcomponentsordinationofstream
size.Relationshipsofthefirsttwoprincipalcomponents
axestotheoriginalvariablesareshowninTable4.
Regressionanalysiswasusedtorelatecumulativewatershedareavs.discharge.
92%ofthevariationindischargewasexplainedbywatershedarea(Figure6). Sites6,7,
8and13(atthebaseofthewatershedneartheconfluencewithBrandywineCreek)had
thehighestdischargevalueswithinthestreamnetwork.Theslopeoftheregression
indicatedthatapproximately4.8Liseeofbaseflowwasaddedtothestreamforeach100
haofaddedwatershedarea.
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Figure 6.Dischargeof 14sitesvs.watershedsizein hectares(ha).
Discharge=1.8+0.048(watershedarea).p =0.001.
RiparianVegetation:Canopycovervariedwidelyamongsites.Eightsiteswithatleast
80%canopycoverwerelabeled"closed"(Table6);theremainingsixsiteswere
considered"open."Thesitewiththehighestpercentcanopycoverwassite2,a
headwatertributaryoftheEastBranchpassingthroughtheGordonNaturalArea;site2
wasdominatedbyAmericanBeech,RedMaple,NorwayMaple,TulipPoplar,Privetand
SpiceBush.TheRadleyRungolfcourse(site8)andFoxHill Farm(site11)hadzero
canopycover.Thewidthofforestedripariancoveradjacenttothestreambankwas
likewisegreateratclosed-canopysites,withgreatestvaluesatsites2,4and9inthe
GordonNaturalAreaandatsite14onthelowerEastBranch.
Table6. Canopycoverpercentages(highestandlowest% areinbold)andthewidthof forested
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Water Phvsicochemistrv:
Sixparameterswereusedinthephysicochemistryanalysis(Table7). Site7,
belowthegolfcourse,hadthehighesttemperatureandpHbuthadthelowestpercent
saturationofdissolvedoxygen.
Table 7. Physicochemistryvariablesat 14siteswithinthePlumRun streamnetworkduringsummer2005.
Highestandlowestnumbersarein bold.
. -- u -.
Site# Canopy % Canopy Riparian Riparian Left
Open/Closed RightBank (m) bank(m)
1 Open 51.45 5 0
2 Closed 96.25 >30 >30
3 Closed 95.5 5 >30
4 Closed 88.2 >30 >30
5 Open 76.45 10 5
6 Open 36.75 >30 >30
7 Closed 93.3 10 >30
8 Open 0 0 0
9 Closed 88.9 >30 >30
10 Closed 94.1 5 >30
11 Open 0 0 0
12 Open 48.5 2 1
13 Closed 90.4 5 >30
14 Closed 94.1 >30 >30
Temp D.O. D.O Conductance TDS
TP Chl-a
Site# (°C) (me:/L) (%) (IlS/cm) (e:/L) pH (/lglL) (/lg/cm2)
1 19.0 11.50 124.0 522 0.365 7.2 39 0.346
2
17.7 9.59 100.8 324 0.250 7.0 30 0.549
3
16.1 9.34 94.8 333 0.256 7.1 33 0.475
4 15.6 9.52 95.7 252 0.201 6.9 27 0.556
5 17.5 9.66 103.9 249 0.190 7.1 27 1.540
6
18.8 9.64 106.6 286 0.204 7.1 38 0.366
7 22.3 7.78 91.7 388 0.245 7.7 27 0.326
8 21.7 11.23 130.8 346 0.242 7.2 32 0.536
9
16.3 9.92 104.4 305 0.153 7.0 66 1.553
10
16.2 9.00 94.4 566 0.420 7.1 27 1.174
11
18.8 10.23 113.2 367 0.268 7.2 18 0.549
12
19.9 8.67 97.8 217 0.155 7.4 22 1.479
13
17.3 9.69 104.1 340 0.249 7.5 33 1.533
14 15.3 9.95 102.6 319 0.247 7.4 63 0.787
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Sites1and10hadthetwohighestvaluesof specificonductanceandtotal
dissolvedsolids(TDS),bothmeasuresoftotalsoluteconcentration.Sites1and10are
closetothesurfaceoriginsoftheEastBranchandWestBranchofPlumRun,
respectively,andthehighionconcentrationsmayreflecthehighproportionof
stormwaterrunoffandabsenceofbiologicaluptakewithinthepipesfeedingeachbranch.
Totalphosphorus(TP)concentrationsat ites9and14ontheEastBranchwere
considerablyhighercomparedtoothersitesatthetimeofsamplecollection(Figure7).
Thesehighlevels,basedonsamplestakenJune20and21,2005,arelikelyduetosewage
overflowfromamanholelocatednextothesewagelift stationontheSouthCampus.
RawsewageoverflowintoPlumRunjustabovesite9wasreportedonbothdaysina
letterfromthePennsylvaniaDepartmentofProtectiontoWestChesterUniversity
(Gillespie,2005).Thenutrientplumeprovidedbythesewagewasevidentasfar
downstreamassite14,raisingtheTP levelsthereaswell.Furtherdownstream,site6
wasalsosampledonJune21.TheTP leveltherewasnotashigh.Thisisprobablydue
todilutionfromtheWestBranch,phosphorusadsorptionontosedimentparticles,and
incorporationi tomicrobialbiomass.Site8hadbeensampledonJune15andsites7
and13hadbeensampledonJune16;measurementsa thesesitesthusprecededthespill.
--"
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Figure7. Totalphosphorusconcentrationsat14sitesinPlumRun.
Asexpected,percentsaturationofdissolvedoxygenwaspositivelycorrelated
withvaluesexpressedasmg/L,andspecificonductancewaspositivelycorrelatedwith
TDS(Table8). Othercorrelationsamongphysicochemistryvariableswereweak,
probablyreflectingdifferencesinweatherconditionsamongsamplingdates.
* =p<0.05,** =p<O.OI
Percentsaturationofdissolvedoxygenwasconsistentlyhigheratopencanopy
sites(p=O.02)(Table9). Temperaturewaslikewisesignificantlyelevatedatopensites
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I ablelI.pearsoncorrelatIonsamongpnYSIcocnemiStryVarIaOles.
Chl-a Temp D.O. D.O Conductance TDS
("C) (mWL) (%) (mS/cm) pH TP (2fL)
Chl-a 1
Temp
-0.301 1
D.O. (m2fL)
-0.176 -0.038 1
D.O. (%)
-0.217 0.383 0.900** 1
Conductance
-0.340 0.106 0.172 0.181 1
pH
0.038 0.568* -0.335 -0.046 0.139 1
TP
0.152 -00408 0.263 0.091 -0.205 -0.052 1
TDS
-0.296 -0.066 0.206 0.141 0.981** -0.001 -0.175 1
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(p=0.003).Specificonductance,pH,TP andchlorophyll-awerenotaffectedbythe
presenceorlackofcanopy.
Table9.Mean,standarderrorandsignificanceofphysicochemistry
variablesbasedononetailedt-tests.Significantvalues(p<O.05)are
inbold.
Temperaturewasnotjustaffectedbycanopy,butalsoslightlybutnot
significantlyaffectedbystreamwidth(Figure8).
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Figure8. Linearrelationshipbetweenstreamtemperatureandstreamwidth.
Y=17.01+0.42(streamwidth).p=0.50,R2=0.04.
Canopy Canopy p
Open Closed
Specific Mean330.9 Mean340.5 0.44
Conductance SE 44.6 SE 38.04
Temperature Mean19.28 Mean17.09 0.03
SE_0.576 SE 0.795
D.O.(%sat) Mean112.7 Mean98.56 0.02
SE 5.14 SE 1.75
pH Mean7.21 Mean7.20 0.47
SE 0.036 SE 0.099
TP Mean29.3 Mean38.2 0.25
SE 3.5 SE 5.8
Chl-a Mean0.80 Mean0.87 0.41
SE 0.23 SE 0.17
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WatershedDescriotion:,MajorlandusetypeswithinthePlumRunwatershedare
showninFigure9.
Legend
. SampleSites
LandUseTypes-Pasture
~fil. Commercial-CommunityServices
D Parking
Recreation
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Figure9. MajorlandusetypeswithinthePlumRunwatershed
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Themostabundantlanduseswerelowresidentialhousing,woodedand
pastureland(Figure10).Lowresidentialhousingoccupiedhalf(50%)ofthewatershed,
dominatedmostsubbasins,andappearsaslightbrownpolygonsoccupyingthemajority
ofFigure9. Thesecondlargestlandusewaswooded(16%)andappearsasdarkgreen
polygons.Pasture(12%),showninFigure9asdarkbrownpolygons,occurredclosestto
sites5,11,12,and13.Percentagesoftotalwatershedareacomprisedofotherlanduses
areshowninFigure10.
0% 2%
MajorLandUseTypes 7%
0 PAS1URE(12%)
0 COt.tM.JNITYSERVICE(5%)
.RECREATION(7%)
.LOWRESID8'lllAL HOUSN3 (50%)
.VACANT (3%)
0 WOODED(16%)
0 COMIIERICAL (0%)
. PARKING (2%)
0 RESDENTlAL: WF (5%)
0 lRANSPORTA TION (0%)
0 WATER (0%)
Figure10.LandusepercentageswithinthePlumRunwatershed.
Theproportionsofmajorlanduseswithinthesubbasinsupstreamofindividual
sitesareshowninTable10.Lowresidentialhousingdominatedthelandupstreamoften
ofthe14sites.Subbasinsoftheotherfoursiteswereprimarilywoodedandrecreation.
Woodedlandusewastheprimarylandusepotentiallyaffectingthestreamatsites2and
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9,locatedintheGordonNaturalArea.Recreationwastheprimarylanduseaffecting
sites7and8;thesubwatershedsofbothsitesweredominatedbytheRadleyRungolf
course.Communityservice,whileonly5%oftheentirewatershed,wasalargeportion
ofthelandaffectingheadwatersites1and10;communityserviceareasconsistedmostly
ofuniversityproperty(Figure9).
Table10: Landusepercentages.PS=pasture,CS=communityservice,PK=parking,
RC=recreation,MF=multiplefamilyresidence,LR=lowresidentialhousing,
ded.Boxesleftblankare0%. Hi!lhest% inbold.
CorrelationsamonglandusevariablesareshowninTable11.Percent
commercialland,water,andhighwaytransportationwerenotincludedbecausetheyeach
comprised1%orlessofthetotalwatershed.Communityservicewaspositively
correlatedwithparking,whichisexpected,reflectingtheabundanceofparkinglotson
universityproperty.
- ._-__.n, ..- ,,
Site PS CS PK RC MF LR VC WD
1 34.45% 9.08% 0.71% 55.76%
2 2.63% 36.38% 10.36% 37.86%
3 0.92% 2.66% 12.95% 77.77% 5.70%
4 1.39% 0.05% 1.12% 82.50% 0.68% 13.04%
5 33.33% 52.84% 7.82% 6.01%
6 24.63% 0.23% 58.41% 15.99%
7 53.94% 4.74% 21.15% 15.73%
8 5.91% 38.36% 9.84% 37.39% 8.50%
9 0.68% 4.25% 6.73% 22.23% 4.84% 3.94% 57.35%
10 31.25% 7.05% 0.69% 15.46% 40.95% 1.31%
11 10.43% 3.03% 1.57% 11.27% 52.92% 3.79% 16.04%
12 22.27% 65.25% 3.78% 7.81%
13 30.04% 45.23% 24.73%
14 22.83% 1.29% 1.08% 4.69% 43.74% 4.75% 21.63%
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Table11:PearsoncorrelationsoflandusevariablesasdescribedinTable10(* =p<0.05,**=p<O.OI).
Variationinlanduseamongthesubbasinscharacterizingindividualsiteswas
summarizedusingPCA. PCA1explained40.4%ofthevariationintheoriginal
variables;PCA1waspositivelyrelatedto%communityservice,%parking,%
recreationand%MF residence,andnegativelyrelatedto%pasture,%lowresidence,%
vacantand%wooded(Table12).Becausecommunityservicewassovariable(range
0.92%- 34.45%),it stronglyaffectedthecomputationfPCAl. PCA2explainedan
additional24%ofthevariationintheoriginalvariables;PCA2waspositivelyrelatedto
%communityservice,%parking,%recreation,%MF residence,%vacantand%
wooded,andwasnegativelyrelatedto%pastureand%lowresidence.
%CS %PK %RC %MF %LR %VC %WD %PS
%CS 1
%PK
0.914** 1
%RC
-0.065 0.187 1
%MF
0.381 0.302 -0.191 1
%SF
-0.142 -0.349 -0.156 -0.363 1
%VC
-0.620* -0.500 -0.264 -0.294 -0.427 1
%WD
-0.568* -0.266 0.321 -0.269 -0.457 0.611* 1
%PS
-0.505 -0.643* 0.249 -0.128 0.061 0.430 -0.193 1
45
Table12.Correlationsoforiginal
variableswiththefirsttwoprincipal
componentsdescribinglandusewithin
thesubbasinsof 14sites.
Landusepatternswerethemostdissimilarforfirstorderstreamsites(1,2,4,5,
9,10,12),asshownbytheiroccurrenceontheperipheryofascatterplotfPCAl vs.
PCA2(Figure11).Sites1and10werefarthesttotherightonPCA1,consistentwiththe
high%communityserviceandparkingintheirsubbasins(bothsiteswereclosetothe
university).Sites2and9occurredathighvaluesforPCA2,nearthetopofthefigure,
indicatingthehigh%woodedandrecreationalcomponentsoftheirsubbasins;bothsites
werelocatedwithintheGordonNaturalArea.Sites5and12hadlowvaluesforboth
PCA1andPCA2asaconsequenceofthelargeamountsofpasturelandsurroundingthem.
Bycontrast,hemuchlargersubbasinsofdownstreamsites(especiallysites6,7,8,13)
morenearlyreflectedlandusepatternswithintheentirewatershed,andthosesitesthus
occurnearthecenterofFigure11.
LandVariable PCAI PCA2
%pasture -0.614 -0.446
%communityservice 0.944 0.003
%parking 0.886 0.343
%recreation 0.091 0.491
%MF residence 0.485 0.063
%lowresidence -0.036 -0.808
%vacant -0.796 0.330
%wooded -0.549 0.770
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Principle ComponentAnalysis for land Use
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Figure11. Principalcomponentsordinationof 14
sites,basedonthepercentagesof8landuses(Table11).
MacroinvertebratePilotStudy
KickscreensamplesoftheinvertebratesinearlyMarchwerenotaccompaniedby
concurrentenvironmentalmeasurements,andprovidedonlyqualitativer lative
abundance.Theynonethelessprovidevaluabletaxonomicnformationrelevanttothe
interpretationf invertebrated nsitiesinJune(below),andarethereforeincludedin
AppendixA.
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June StudyofMacroinvertebrates
Distributionsof IndividualTaxa: Invertebratetaxacollectedatthefourteensitesin
JuneareshowninTable13.ThecaddisflyHydropsyche,themayflyfamilyBaetidae,
andmidgesofthefamilyChironomidaewerepresentatall 14sites.Hydropsychewas
mostabundanta Site7(downstreamofthegolfcourse)withanestimated871
individuals/m2(Table13).BaetidaewasthemostabundanttaxonatSite4,with2452
individuals/m2.Chironomidswerethemostabundanttaxonfoundoverall.The
amphipodGammarus,thesecondmostabundanttaxon,wasfoundprimarilyat
downstreamsites(especiallysites6,7,8and13),butwasalsoadominantcomponentof
thecommunityatsitelOin theupperWestBranch.ThestoneflyLeuctrawasvery
abundantatSite2(1097individuals/m2)replacingthemayflyAmeletus(foundinMarch)
asthedominanttaxon.Site10showedthelowestaxonomicrichness(13taxa)whilesite
2showedthehighest(28taxa).
Table13. Invertebratescollected uringJune2005.Numbersindicatedensities(invertebrates/m2).Values>100areroundedtothenearestinteger.
Highestdensitiesareinbold
.j:;..
00
Family Genus 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Nematoda 5 43 II 140 21
Turbellaria 140 11 11 97
Cambaridae II 11
Asellidae Caecidotea 220 97 97 53
Crangonyatidae Crangonyx 11 11
Gammaridae Gammarus 3 226 1021 3881 710 720 806 441 860 613
Collembola II 11
Baetidae 51 204 247 2452 97 108 53 54 376 43 118 269 140 301
Ephemerellidae Ephemerella II II
Tricorythidae Tricorythodes 21
Odonata Unknown II
Caloptervgidae Caloptervx II
Plecoptera Unknown 43
Peltoperlidae Tallaperla 5
Nemouridae Anphinemura 11
Leuctridae Leuctra 1097 86 183 21 54 21 43
Perlidae Eccoptura 21 54 11
Veliidae Microvelia 5
V eliidae Rhagovelia 11
Philopotamidae Unknown II
Philopotamidae Chimarra 67 11 21 II II 75 75 108
Philopotamidae Dolophilodes 140 75 21 II 505 43 21
Philopotamidae Wormaldia 16 II
Hydropsychidae Unknown 32 II 301 21 161 280 II 108 108 54 97 64 II
Hvdropsvchidae Ceratopsvche II
Hydropsychidae Cheumatopsyche 245 21 97 21 183 140 54 32 97 419 150 108 86
Hydropsychidae Diplectrona 38
Hydropsychidae Hydropsyche 113 5 32 II 151 785 871 376 226 204 226 172 161 129
Rhvacophilidae Rhyacophila II 11 II
Glossosomatidae Glossosoma II 53 226 75.3 32 118 II 54 54
Hydroptilidae Leucotrichia 53 32
4:>-
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Table13(continued
Family Genus 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Uenoidae Neophvlax 70 11 43 11 151 64 21
Pyralidae Acentria 3
Dytiscidae Hydroporinae 3
Hydrophiloidea Tropisternus 11
Psephenidae Ecopria 21 5
Psephenidae Psephenus 43 54 11 75 11
Dryopidae Helichus 5
Elmidae Unknown 5 97
Elmidae Optioservus 21 43 86 64 634 366 53 409 54 129 140 108
Elmidae Stenelmis 78 54 11 172 591 194 527 151 75 194 11
Elmidae Promoresia 5
Elmidae Oulimnius 16 21 21.5 194 21 11 43 32 75 75.3
Ptilodactvlidae Anchytarsus 97
Diptera Unknown 16
Chironomidae 492 758 1527 1151 409 548 344 1871 1548 1548 4634 688 1204 1108
Empididae Chelifera 5 11 11 10
Empididae Hemerodromia 11
Simuliidae Prosimulium 27 21 237 32 11 204 43
Simuliidae Simulium 13 16 21 108 75 21 21 355 312 108 32
Tipulidae Antocha 21 366 11 32 97 32 151 11 430 11 269 32
Tipulidae Dicranota 27 527 11 548 II 54 129 43 87
Tipulidae Tipula 19 11 11 54 11
Tipulidae Pedicia 11
Physidae 21
Numberoftaxa 19 26 19 21 22 20 13 16 19 12 14 16 20 19
Total Density 1530 2661 3398 5108 3011 4118 5924 4344 4021 3043 7269 2376 3677 2774
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Invertebratewaterqualitymetricswerecomputedtoexaminetheinvertebratedata
afterauto-resampling(Table14).
Table14.Multiplemetriesfor14sitesofJuneinvertebrateswithhighestandlowestvaluesin
BecausetheMAIS scoreintegratesthevaluesof 10metrics,itwasusedasthe
primarymeansof summarizingtherelationshipbetweentheinvertebratemetricsandthe
environmentaldata.Figure12showsahighlysignificant(p=0.008)relationship
betweenMAIS andspecificonductance;higherspecificonductancelevelsresultedin
lowerMAIS scores.
-----J'--
Site# MAIS RBI % % Shannon %
EPT Chironomids (R') Tolerant
1 8 5.8 31.9 32.0 2.07 79.8
2 12 3.0 63.5 28.5 1.83 35.0
3 8 4.8 15.8 45.1 1.93 56.7
4 12 4.5 65.0 22.6 1.71 38.4
5 11 4.4 13.9 13.6 2.47 33.3
6 12 5.3 33.5 13.4 2.16 67.9
7 8 5.9 22.5 5.8 1.23 94.2
8 10 5.3 12.5 43.1 1.77 70.4
9 11 4.9 41.2 38.5 2.14 62.2
10 6 6.0 15.2 44.9 1.65 96.5
11 6 5.7 12.4 63.7 1.39 86.7
12 10 5.7 34.8 28.9 2.23 76.9
13 11 5.1 20.6 32.7 2.21 67.7
14 10 5.3 24.1 40.1 1.95 72.1
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Figure12.Relationshipof specificconductancetoMArs score.
Y=13.91.;0.013(conductance).p=0.008,R2=0.46
TheMArSindexalsovariedsignificantlywithlanduse(Figure13).Subbasins
withhighamountsofurbanization(high%parking,high%recreation,andhigh%
multiplefamilyresidence)wereassociatedwithlowMArs scores(site10),whereassites
withforestedsubbasins( ite2)typicallyhadhighMArSscores(Figure11andTable10).
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Figure 13.RelationshipofLandUsePCAI toMAIS score.
MAIS = 9.5-1.4(LandUse). P=O.OO8,R2=O.45
BasedontheMAIS index,site11intheWestBranchwastheonlysiteconsidered
tohave"poor"waterquality(site11alsohadthelowest%EPTandthehighest%
chironomids).
Themetricsforsite1(Table14)generallyfallwithinthemidtohighrange,
indicatinglowtofairhabitatqualityneartheoriginoftheEastbranch.TheMAIS and
Hilsenhoffindicesbothcategorizesite1as"fair."
Site10neartheoriginoftheWestBranchlikewiseindicatedverylowhabitat
qualitybasedontheMAIS index.Site10alsohadthehighestpercentoftolerantspecies,
andhadaHilsenhoffbioticindexvalue(HBI)thatindicatedtheworsthabitatconditions
.2 .6.
4
.5 13 9. .14. ._8
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amongallsitesincludedinthestudy(whereashighvaluesfortheMAIS indexindicate
highwaterquality,ahighRBI scoreindicateslowwaterquality).
SiteswithhigherMAIS valueswere2and4,althoughthesevalueswere
considered"fair."Site2,oneofthesitesconsideredofhigherqualitybasedontheMAIS
index,alsohadaratingof"excellent"basedonRilsenhoffs(1988)RBI. Thehigh
relativeabundancesof sensitivestonefly,mayflyandcaddisflytaxaintheMarchsamples
atsite2(seeAppendixA) arealsoconsistentwiththeviewthathistributaryoftheEast
BranchwithintheGordonNaturalAreaisofparticularlyhighquality.
Aspredicted,totalinvertebrated nsitiesincreasedsignificantlyatdownstream
sites(Figure14).Waterquality(asevidencedbybothphysicochemistryandinvertebrate
metrics)wasnotconsistentlyrelatedwithoveralldensities.Forexample,sites1and10,
scoredashavingpoorerwaterquality,hadhighlyvariableinvertebrated nsities;ite2,
withsuperiorwaterquality,hadapproximatelytheinvertebrated nsitiesthatmightbe
predictedforatributarystreamofitssize.Site11atthetopoffigure14hadamuch
higherdensityof invertebratesthantheothersitesowingtoparticularlyhighdensityof
chironomids.
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Figure14.Relationshipofstreamordertoinvertebrated nsity.
Y=1955+699(streamorder).p=0.036,R2=0.32
RelationshipofDominantInvertebrateTaxatoEnvironmentalVariables:Fiveof
themostabundantandwidespreadtaxawithinthestreamnetworkwerechosenfor
analysesoftherelativeimportanceoftheenvironmentalv riables:Chironomidae,
Antocha,Cheumatopsyche,OptioservusandHydropsyche.Correlationcoefficients
summarizingtheirelationshipwithenvironmentalp rametersareshowninTable15.
Thesetaxahadatotalabundanceof;:::10individualsandwerefoundinatleast11ofthe
14sites.Ofthefivetaxaconsidered,themajority(Chironomidae,Antocha,and
Cheumatopsyche)areconsideredmoretoleranttaxa(tolerancevalues;:::6). Thestream
sizevariablesdepth,width,percentriffles,gradient,anddischargeinfluencedthe
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distributionofHydropsyche,showingthathisgenuswasmoretypicaloflarger,
downstreamsites.Aspreviouslyshown,theMAIS indexwasnegativelyrelatedto
specificonductance.
Table15.Si2:nifi S I . f" b . bI . bIes.
FunctionalGuilds: Collectorsmadeupthehighestpercentageofinvertebratesforevery
siteexceptsites2and5(Table16).TheinvertebratecommunityatSite2hadthehighest
percentageofshredders(2.5foldgreaterthanatanyothersite).Thisisexpected,assite
2alsohadthehighestcanopydensity.Site5,anopen-canopytributarysiteofthemain
stemnearthebaseofthewatershed,hadthehighestpercentageofscrapersandpredators.
Thetwomostabundanttaxainsite5wereOptioservus(FamilyElmidae;ascraper),and
Dicranota(FamilyTipulidae;apredator).
- -- j earman corre---- -- - -- -- -- u
MAIS Invert. Density Antocha Hydropsyche Cheumatopsyche
Depth 0.604 0.706
p=0.022 p=0.005
Width 0.622 0.592
p=0.018 p=0.026
Order 0.668
p=0.009
Discharge 0.631 0.597 0.625
p=0.016 p=0.024 p=0.017
% Riffles -0.546
p=0.044
Gradient -0.614
p=0.019
Sp.Cond -0.688
p=0.007
Temp 0.556
p=0.039
pH 0.535
p=0.049
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Table16.F I feedi fall 14 . High fi h . . bold
Shredderswere predictedto increaseat siteswith highercanopycover.
Figure15suggestsa slight,butnotsignificant,positiverelationshipbetweenshredder
abundanceandcanopycover(p=0.20).Theabsenceofastrongerrelationshipcouldbe
explainedbytheJunesamplingdatewhenmuchoftheleaflitterfromthepreviousfallis
gone,leavingshredderslesslikelytopopulateclosedcanopysitesduringthesummer
season.
-- r n - nun _n n--_- 0- - -- --- - --
Site
% % % % %
shredders fiIterers predators scrapers collectors
1 2.81% 29.35% 9.67% 7.91% 50.26%
2 42.98% 11.36% 1.03% 6.40% 38.22%
3 16.14% 5.38% 16.14% 6.65% 55.70%
4 3.79% 14.32% 0.84% 7.16% 73.89%
5 3.23% 10.39% 19.35% 39.43% 27.60%
6 0.54% 25.54% 0.27% 27.99% 45.65%
7 0.00% 22.00% 0.18% 4.73% 73.09%
8 0.25% 10.67% 0.00% 23.82% 65.26%
9 1.39% 34.72% 5.28% 8.06% 50.56%
10 1.83% 21.25% 0.37% 0.00% 76.56%
11 0.00% 12.07% 0.00% 4.77% 83.16%
12 0.00% 19.91% 4.27% 4.27% 71.56%
13 0.00% 14.08% 1.17% 15.25% 69.50%
14 0.78% 8.59% 3.52% 8.98% 78.13%
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Figure15.Relationshipbetweendensitiesofshredders(SD)andpercentcanopycover.
SD=-69.45+3.28(percentcanopy).p=O.20,R2=0.13
ScraperswerepredictedtoincreaseinsiteswithhighercWorophyll-a.Thiswasclearly
notthecase(p=0.89)(Figure16).
ScraperDensityvs. Chlorophyl-a
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Figure16.Linearelationshipbetweendensitiesofscrapersand
chlorophyll-alevels.Y=403.76+32.94(chlorophyll-a).p=O.89,R2<0.01
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Fish
TheabundancesoffishspeciescollectedatthefourteensitesareshowninTable
17.SpeciesfromthefamiliesCyprinidae,Centrarchidae,Catastomidae,Ictaluridae,
Percidae,andAnguillidaewerefound.Cyprinids(minnows)andCentrarchids( unfish)
werethemostabundantfisheswithinthestreamnetwork.
SpeciesrichnesswasnegativelyrelatedtodistancefromBrandywineCreek
(Figure17),whichmayserveasaseasonalrefugiumparticularlyforlargerfishspecies
(Butler& Fairchild2005).Site7(downstreamofthegolfcourse)showedthehighest
speciesrichness,whileSite1showedthelowestrichness.
Table 17. Fish II d IT, R . May2005.N b d .. 1m2of fi
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Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14
(Centrarchidae)
Lepomismacrochirus(Bluegill) 0.12
L.auritus(RedbreastSunfish) 0.06 0.05
L. cyanellus(GreenSunfish) 0.01 0.01
L.gibbosus(Pumpkinseed) 0.14 0.02
Ambloplitesrupestris(Rockbass) 0.04 0.12 0.20 0.01 0.01 0.01
M salmoides(LargemouthBass) 0.01
(Cyprinidae)
Semotilusatromaculatus(CreekChub) 0.11 0.04 0.28 0.08 0.01 0.15 0.10 0.15 0.50 0.02 0.36
S.corporalis(Fallfish) 0.02 0.01 0.03 0.01
Clinostomusfunduloides(RosysideDace) 0.08 0.15 0.09 0.01
Exoglossumaxillingua(CutlipsMinnow) 0.06 0.08 0.01
Luxiluscornutus(CommonShiner) 0.02 0.09 0.06
Rhiniththysatratulus(BlacknoseDace) 0.10 0.25 0.22 0.15 0.57 0.20 0.41 0.01 0.68 0.73 0.33 0.28
R.cataractae(LongnoseDace) 0.02 0.02 0.01
Cyprinellaanalostana(SatinfinShiner) 0.07
C.spiloptera(SpotfinShiner) 0.01
Notropishudsonius(SpottailShiner) 0.09
(Catastomidae)
Catostomuscommersoni(WhiteSucker) 0.02 0.04 0.28 0.06 0.03 0.06 0.01 0.09
(Ictaluridae)
Ameiurusnatalis(YellowBullhead) 0.02 0.02
(Percidae)
Etheostomaolmstedi(TessellatedDarter) 0.03 0.14 0.01 0.14 0.01 0.02 0.07
Percaflayescens(YellowPerch) 0.01
(Anguillidae)
Anguillarostrata(AmericanEel) 0.02
TOTALDENSITY 0.10 0.25 0.33 0.19 1.08 0.60 0.95 0.66 0.78 0.11 1.00 1.23 0.39 0.82
TOTALSPECIES I I 2 2 8 9 13 11 6 2 6 2 7 6
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Figure17.Fishspeciesrichness(S)inrelationtositedistance(D)from
BrandywineCreek.S=11.8-1.9(D).R2=0.87,p=<O.OOl
MostfishinPlumRunareconsideredpredominantlyinvertivores(Cooper1983),
andthustheirabundancesmightbeexpectedtonegativelyimpacthemacroinvertebrate
community.BecauseI didn'trecordsizedifferencesamongfishorexaminegutcontents,
inclusionoffishsamplingresultsinthisstudyismeantsolelytoprovideinferential
evidenceofpotentialinteractionsamongfishandinvertebratetaxa.
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IV. DISCUSSION
PlumRunisunusualinthatitstwomaintributariesbothoriginateinanurban
setting.Thus,streamhabitatimpairmentmaybemorelikelyinheadwatersectionsofthe
streamnetworkthanistypicalofstreamsintheregion.Thestreamnetwork,however,
includesegmentswithwidelyvaryingwaterquality,bothasaconsequenceof
downstreamameliorationandthepresenceofsmallertributaries.Personnelfromthe
PennsylvaniaDepartmentofEnvironmentalProtection(PADEP)haveperformed
previousassessmentsofportionsofthePlumRunstreamnetwork.A surveyofthree
sites(nearsites10,13and7inthepresentstudy- seeFigure1)in 1979suggested
"generallygood"conditionsinthatportionofthestreamnetwork(Strekal,1979).A later
appraisalinOctober1997usingPADEP'sUnassessedWatersprotocolapproximately10
metersdownstreamofthePA Rte.100bridgeoverPlumRun(nearsite7),however,
formedthebasisofthecurrentdesignationfthestreamnetworkas"impaired"
(19971023-1320-GLW, 1997).Tenfamiliesofinvertebrateswerefound,withnet-
spinningcaddisflylarvaeofthefamilyHydropsychidaeb ingthemostabundant(aresult
similartothesurveysof sites6,7and8reportedhere).ThestudybyPADEP attributed
theimpairmentto"agriculturaluses,urbanrunoffandnewhousingdevelopments."
PADEPevaluationofthreeadditionalsitesonunnamedtributariestoPlumRun(entering
PlumRunupstreamofsite6)inDecember2000indicatedgenerallyhighinvertebrate
diversityandgoodconditions(Boyer,2001).Thisevaluationwasdoneinordertoassess
thepotentialdamageofchannelizationtothatarea.Theassessmentshowedadiversity
of invertebratesindicativeofgoodwaterquality,includingmanyEPT taxa.Itwas
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recommendedthatalternativemeasuresbetaken,astheproposedchannelizationwould
cause"anadverseimpactothebenthicommunityinthestream."Ineffect,theresults
ofearliersurveys,consistentwiththepresentresults,supporttheviewthathePlumRun
networkis inrealityacompositeofstreamsegmentswithvaryingwaterquality.
Samplingmethodsfrequentlyresultin incompletedescriptionsoftheinvertebrate
community,becauseonlyaportionofthetaxacanbecaught(Ostermiller& Hawkins,
2004),andbecausenaturalvariabilityovertimeandwithinevenshortdistancesin
streamscannotbecontrolled(Resh& Jackson,1993).Temporalchangeintheresponse
of invertebratestotheirenvironmentisnotsimpletointerpret,andmayreflectdaily,
seasonalorannualevents(Jackson& Fiireder,2006).Thespatialdistributionof
invertebratescanbeduetomanyfactorsuchasflow,drift(passivedownstream
movement),hepresenceofpredators,ubstrateype,andfoodresourcesforboththe
larvaeandadultstages(Closs,Downes,& Boulton,2004).Mostinvertebrateshave
seasonally-cuedlifecycles,andsamplingdatecanthuscauselargechangesin
invertebrateabundances(Sporka,Vlek,Bulankova& Krno,2006).Long-termstudies
haveagreaterprobabilityofovercomingdailyorseasonaleffectsandtherebyallow
detectionofmoregradualenvironmentalchange(Jackson& Fiireder,2006).Studies
extendingovermanyyearsthusprovidethepossibilityofseparatingchangesthatare
naturalfromthosecausedbyhumaninvolvement(Voelz,Zuellig,Shieh& Ward,2005).
Thepresentstudy,whileemphasizingspatialvariabilityinPlumRun,cannotaddress
questionsrelatedtosuchseasonalorinterannualvariation.
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Manystreamstudiesincorporateareferenceorcontrolforcomparison.
Comparisonscanbetemporal(beforevs.afteranidentifiedenvironmentalperturbation)
orspatial(amongsiteswithinthesamestreamnetworkoramongdifferentstream
systems)(ReynoldsonetaI.,1997).However,streamsinmanyregionsaresomodified
thatavailablereferencesitesmaynotprovidetrulyunimpactedconditions,and
comparisonsbetweenstudyandreferencesitesmaythusfailtoconveythefullextentof
habitatimpairment(Chessman& Royal,2003).Thefollowingsectionswill discussthe
apparentdirectandindirecteffectsofenvironmentalv riablesonvariationintheaquatic
invertebratecommunityobservedinthePlumRunnetwork.
StreamHabitat:Largerdownstreamsiteswereexpectedtosupportawiderdiversityof
invertebratetaxa(Clenaghan,Giller,O'Halloran& Heman,1998).ThePlumRunstudy
didshowthatincreasingstreamdepth,width,order,anddischargewerepositively
correlatedwithtotalinvertebrated nsity,andwereassociatedwithincreasedabundances
of sometaxa(forexamplethecaddisflyHydropsyche).Palleretai.(2006),inastudyof
SouthCarolinauppercoastalplainstreams,foundthatincreasingstreamwidthwas
associatedwithincreasedtotaltaxonrichness,EPT richness,.andtotalnumberof
organisms;asinPlumRun,Trichopteraweremoreabundantinlargerstreamsintheir
study.
WatershedEffects(landuse):TherelationshipbetweenlanduseandMAIS score
showedthatsubbasinlandusagehasasignificanteffectonwaterquality.Severalother
qualitativeinferencescanbedrawnfromthelandusedata.First,woodedareasmadeup
16%ofthewatershed,withthelargestportionsconcentratedaroundtheGordonNatural
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Area(GNA)ontheEastBranch.Thehigherabundanceofsensitiveinvertebratesfound
inthestreamintheGNA,especiallyatsite2,ismostlikelyduetothepersistenceofthis
large,woodedtractovermanydecades(Rios& Bailey,2006).
Second,communityservicemakesup5%ofthewatershedandisthefourth
highestpercentageof landuse.Thelargestportionsoftheseareasareconcentrated
aroundWestChesterUniversityattheheadwatersofPlumRunGustupstreamofsites1
and10).Thelowabundanceofsensitiveinvertebratesattheheadwatersandthelowtaxa
richnessatsite10aremostlikelyduetorunoffromtheparkinglots,construction,and
roadwaysthroughouttheuniversityarea.
Covariationoflandusewithgeologyandtopography(forexampletheoccurrence
ofagricultureonfertilesoilsorofwoodlotsonsteeperslopes)mayoftenmakeitdifficult
toseparatenaturalimpactsfromimpactscausedbyhumans(USGS,n.d.;Nerbonne&
Vonrecek,2001).WithinthePlumRunstreamnetwork,itwaspredictedthatsiteswith
more"urbanized"subbasinswouldhavefewerinvertebratetaxaduetoincreasedrunoff
(RobsonetaI.,2006).LenatandCrawford(1994)comparedtheeffectsofdifferentland
uses(forested,agriculturalndurban)onthreestreamsinNorthCarolina.Theurban
streamshowedlowinvertebraterichnessandabundanceomparedtotheforestedand
agriculturalstreams.Theinvertebratecommunityshiftedfromonedominatedby
EphemeropteraintheforestedstreamtoacommunitydominatedbyChironomidae,inthe
agriculturalstream,andbyOligochaetaintheurbanstream.Theirstudyconcludedthat
landuse"stronglyinfluenced"themacroinvertebratecommunity.InPlumRunmost
sitesweredominatedbyChironomidae;however,siteswithmorewoodedsettings(sites
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2,3,4and9)hadhighdensitiesoftheEphemeropteranf milyBaetidae.Oligochaeta
densitieswerelowthroughoutPlumRun,andnositesweredominatedbythistaxon.
Royandothers(2003)examinedtherelationshipbetweencatchmentlandcover
andmacroinvertebratesin30streamsinGeorgia.Urbanlandcoverexplained29-38%of
thevariationinsomemacroinvertebratemetricsandwaspositivelycorrelatedwith
specificonductance.Theauthorsfoundthatmacroinvertebratecommunitiesatsitesin
drainageswithmorethan15-20%urbanlandcoverangedfrom"fairtofairlypoor"
basedontheHilsenhoffBioticIndex(HBI)appliedtofamily-levelidentifications.As
statedearlier,streamdegradationa dalteredmacroinvertebratecommunitiescanoccurat
relativelylow levels(~10%)of imperviousness(Arnold& Gibbons,1996;WheeleretaI.,
2005).BasedonthesestudiesandthefactthathePlumRundrainagebasinhad11-13%
imperviouscoverbasedonamapoftheBrandywinewatershedpreparedin 1998
(ChesterCountyWaterResourcesAuthority),muchofPlumRun'simpairmentismost
likelyduetourbanization.Thisviewisconsistentwiththe1997assessmentbyPADEP
thatpartofPlumRun'simpairmentisduetourbanrunoffandnewhousing
developments.
RivarianVegetation:Comparedtocanopiedsites,streamsegmentswithlittleorno
canopycoverwerepredictedtohavehighertemperatures,increasedalgae,anddissolved
oxygenlevelsexceeding100%saturationasaconsequenceofhighlevelsof
photosynthesisduringdaylighthours.Thesechangesarelikelytofavorsome
invertebratetaxaoverothers.I expectedinvertebratetrophicguildcompositiontoshift
fromdominancebyshreddinginvertebratesoincludemorescrapers.Highlysensitive
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taxasuchasstoneflies,whichoccupystreamswithlowtemperaturesandhighdissolved
oxygen,wereexpectedtodecreaseorvanishinopencanopysites(Peckarsky,1990).
My studyofPlumRuncomparedmacroinvertebratecommunitiesatopenvs.
closedcanopysites,basedonpercentagecanopycover.Similarly,astudyof sixstreams
intheCascadeMountainsofOregonbyHawkins,Murphy,andAnderson(1982)looked
attheimportanceofriparianvegetationtothestructureofmacroinvertebrate
assemblages.Theirstudyshowedthatasimpleopenvs.closedcanopycontrastamong
studysiteswasinsufficienttoshowdifferencesinsomemacroinvertebratecommunities,
specificallyshredders.LikewiseRoyandothers(2005)inastudyoffivesmallsuburban
streams(basinareaof 10-20km2)inGeorgia,foundnodifferencesinmacroinvertebrate
assemblage"integrity"betweenopensitesandforestedsitesatwhathestudyreferredto
as"reach-scale"(definedinthestudyas200m). Instead,thestudysuggestshathe
assemblagesweremorelikelyinfluencedeitherbycatchment-scalefactorsuchasland
coverorreach-scalehabitatquality.ThereasonsfortheresultsofRoy'sstudymaybe
similartothisstudy;negligibledifferencesininvertebratecommunitiesweremostlikely
theresponsetominimaldifferencesinhabitatbetweensites.
Canopycoversignificantlyaffectedthedensitiesofonlytwotaxa:oligochaetes
andthecaddisflygenusCheumatopsyche;oligochaetedensitiesincreasedwithincreasing
canopycoverandCheumatopsychedensitiesdecreased.Closedcanopysitescontained
slightly,butnotsignificantly,higherdensitiesof invertebrates.Royandothers(2005)
foundthatpercentcanopycoverexplainedlessthanhalfofthevariationinEPT density.
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InPlumRun,samplingsiteslocatednearprivateresidences( ites1,5,10,11,12)
allhadlawnsasstreambankvegetation.Grass-coveredbankstendtohavelowerwidth-
to-depthratiosbecausegrassrootsholdonlythethinupperstratumofsoilwhileallowing
erosionofthesoilbelow;thisproduces"entrenched"channelsthataremorenarrowand
deep(Nerbonne& Vondracek,2001).Thesechannelshavehigherwatervelocity,
resultingingreatersedimenttransport.Sedimentshensettlewhentheygettoslower,
widersectionsdownstream(Nerbonne& Vondracek,2001).
Bycontrast,reesandotherwoodyvegetationmayhelpstabilizebanksand
decreaseerosion,aswellasprovidingfoodandhabitatforinvertebrates(Klapproth&
Johnson,2000;WheeleretaI.,2005).Riparianbuffersof50-100metersareoften
recommendedforprotectingstreams(Cushing& Allan,2001).InthePlumRun
watershedsites2,4,6,9,and14hadriparianvegetationof>30metersonbothrightand
leftbanks.Sites3,7,10and13had>30metersofriparianvegetationontheleftbank
only.Thereforeseveralsitesthatare>30metersmayhaveanadequateriparianbuffer
width,butexactmeasurementseedtobemadetoensurethatheyareatleast50meters.
MostofthesesitesthatmayhaveadequatebufferwidthsarelocatedintheGordon
NaturalArea(sites2,4and9).
RiparianCoverandWaterPhvsicochemistrv:Waterchemistrymayvarywithin
streamnetworksforreasonsotherthancanopycover.Evenwhentherearedocumented
correlationsbetweenvariationinwaterchemistryandinvertebratedistribution,the
primarycauseisdifficultopinpoint(Allan,1995),owingpartlytothemultiplicityof
interrelationshipsamongvariables.Also,othervariables,notexaminedinthisstudy,
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maybeinfluencingtheresults.Forexample,pesticidesorherbicidesfromresidential
lawnsorRadleyRungolfcourseorpollutantsinstormwaterrunoffcouldalsobe
affectingtherelationshipbetweenwaterchemistryandtheinvertebratecommunity.
Studiesofunimpactedstreamshaveshownwidelyvaryingspecificonductance
withinarangeofapproximately150-500IlS/cm,dependinginpartonthecompositionof
theunderlyingbedrock(limestonestreams,forexample,typicallyhavehighspecific
conductancelevels).Specificonductancevaluesabovethisrangeoftenindicatehighly
impactedwaterqualitythatisnotsuitableforcertainspeciesofmacroinvertebrates
(USEPA,2006).Specificonductancewashighestatsites1(522IlS/cm)and10(566
IlS/cm)presumablyduetorunoffromroadsanduniversityparkinglots,whichprovide
mostoftheflowtobothstreamsegments.Runofffromurbanareasmayhavelarge
concentrationsof inorganicpollutants,contributingtoelevatedspecificonductance
levels(VoelzetaI.,2005).WaterchemistryanalysesofPlumRunbythePADEP (1979)
similarlyindicatedhighspecificonductance(440I-tS/cm)nearsite10attheoriginofthe
westbranchonNewStreetattheuniversity.Useofspecificonductanceasacriterion
foridentifyingstreamimpairmentiscurrentlyundereviewbytheFloridaDepartmentof
EnvironmentalProtectionbasedonevidenceofasignificantreductioni sensitivetaxaat
highconductancelevels(Florida,2006).
Variationinperiphytonabundanceaschlorophyll-awasnotsignificantlyrelated
todifferencesinthemacroinvertebratecommunityinPlumRun.Evensiteswithlittleor
nocanopycovershowedlowchlorophyll-avalues.In factthehighestamountof
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chlorophyll-awasfoundinaclosedcanopysite(site9). Bycontrast,Royandothers
(2005)foundthatchlorophyll-awashigherinopenversusclosedsites.Thelow
periphytonbiomassestimatesinPlumRuncouldbearesultof sedimentscour,
invertebrategrazing,orthesamplingmethodused.Hawkinsetal.(1982),whosimilarly
usedawirebrushtosamplepilithicalgaeinsixstreamsinOregon,foundlower
chlorophyll-alevelsthanexpectedbasedonprevioustudiesofstreamsinthatarea,and
suggestedthathereasonmighthavebeenhisinabilitytoremoveallalgaefromthe
rocks.
Fish: ThefishcommunityshowedhighlypredictabledistributionpatternsinPlumRun.
LargersectionsofthestreamclosertoBrandywineCreeksupportedhigherfishspecies
richness,apredominanceof larger-bodiedfish,andmorepool-dwellingspecies.The
resultshowedlittleevidenceofstrongimpactupontheinvertebratecommunitybyfish.
As statedearlier,effectsoffishpredationvarygreatlyandaredifficultodocument
(Gilliam,Fraser,& Sabat,1989;Williams,Taylor& Warren,2003;Dahl1999).
Interpretationof invertebratedata:Themetricsusedtointerprettheinvertebratedata
forthisstudywerevaried.Thepresence,absenceorpercentageofEPT taxaisametric
oftenusedasanindicatorofwaterquality(Rosenberg& Resh,1996).However,absence
ofaparticularspecieswithinthesethreeordersof insectsdoesnotnecessarilyindicate
environmentalimpairment(Johnson,1993).Invertebratesdonotrespondtoallimpacts
andthereforeinvertebratestudiescanfailtoindicatethatahabitatisstressed(Rosenberg
& Resh,1993,Chapter1). InPlumRun,EPTtaxawerefoundthroughoutthestream
network.ThecaddisflyHydropsyche(orderTrichoptera,familyHydropsychidae)and
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themayflyfamilyBaetidae(orderEphemeroptera)weretwotaxathatwerefoundatall
14sites;bothtaxaarewidespreadinbothimpairedandunimpactedstreamsof
Pennsylvania,ndhavetolerancevalues2:4(Hilsenhoff,1988).Mayflydiversity
declinesasstreamsaredegraded(Fore,1998);however,mayfliesfromthefamily
Baetidaearefrequentlyfoundinmoderateopoorwaterhabitats.
Hydropsychidaereamongthemostcommonmacroinvertebratesfoundin
streams(Alexander& Smock,2005).ThehydropsychidcaddisflyCheumatopsychewas
foundatallbutonesite.Thisgenusisoneofthemostolerantwithintheorder
Trichopteraandisoftenadominanttaxonindegradedstreamsasaconsequence
(Alexander& Smock,2005).
ThreesensitivetaxaofTrichoptera(Glossosoma,Dolophilodes,Neophylax)were
foundmostlyatsites2,4 and9intheEastBranchwithintheGordonNaturalArea.
ThesesamesitesalsoshowedthehighestabundanceanddiversityofPlecopteraand
Ephemeroptera.Plecopteransaregenerallyassociatedwithcolder,welloxygenated
water(Stewart& Harper,1996).Thecombinationofhigh%canopycoverandhigh%
rifflesmakesite2agoodhabitatforstoneflies.TheshredderstoneflyLeuctrawas
abundanta site2,wherethehighpercentageofcoarseparticulateorganicmatter
(CPOM)mayhavehelpedtoaccountfortheirhighnumbers(Merritt& Cummins,1984;
Peckarsky,1990).
UpstreamsitesontheEastBranch,withtheexceptionofsite1,hadlowerHBI
valuesandhigher%EPTthantheWestBranchormainstem.Invertebratetaxasuchas
Leuctra(FamilyLeutridae,OrderPlecoptera)ndAmeletus(familyAmeletidae,Order
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Ephemeroptera)werebothabundantatsite2. Ameletuswasabundantin Marchbutnot
presentintheJunesamplingandLeuctrawasabundantintheJunesamplingbutnot
presentinMarch.Site4containedhighnumbersofthemayflyfamilyBaetidae.Site9
alsocontainedhighnumbersofBaetidaeaswellatthetrichopteranDolophilodes(family
Philopotamidae).Manyoftheseattributesoftheinvertebratecommunityareattributable
thehigherpercentripariancanopycoveroftheeastbranch.Inaddition,thetwo
tributariessampledatsites2and4withintheforestedGordonNaturalAreaprobably
contributetotheameliorationfdownstreamsitesontheEastBranch(Sponseller,
Benfield& Valett,2001).
All threesites(10,11,and12)hadhighHBI values.Site11,theonly"poor"site
accordingtotheMAIS calculation,wasparticularlyconspicuousinhavingnowoody
riparianvegetationandexhibitingseverentrenchmentof hestreamchannel.Site12
wasaverysmalltributaryenteringtheWestBranchjustupstreamofsite11,butits
presencehadnoclearbeneficialeffectonsite11.
JustastheabsenceofEPT maynotindicatethatsignificantenvironmental
requirementsarenotbeingmet,thepresenceoftoleranttaxasuchasthefamily
Chironomidaelsodoesnotalwaysimplyimpairment.Chironomidswerethemost
abundanttaxaoverall,andwerefoundateverysitealongPlumRun.Chironomidsare
foundinawidervarietyofconditionsthananyothergroupofaquaticinsects,often
accountingforatleast50%ofthetotalinvertebratespeciesdiversity(richness
component)(Merritt& Cummins,1984).
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I wasespeciallyinterestedinpossibleffectsoftheRadleyRunGolfCourseon
theinvertebratecommunity.Site8waslocatedwithinthegolfcourse,andsites6and7
werelocatedupstreamanddownstream,respectively.Itwaspredictedthatanyuseof
pesticidesandfertilizers,alongwiththeoccasionallyargequantityofgrassclippings
observedinthestream,woulddegradethewaterqualityandimpacthein-streambiota.
InastudybyWinterandothers(2002)comparing6streamsflowingthroughoperational
golfcourseswith7forestedstreamsinToronto,Canada,temperaturesweregenerally
higheratgolfcoursesites.Invertebratetaxaalsodifferedconsiderablyin3ofthe6golf
coursestreamscomparedtotheforestedstreams;thegolfcoursesiteshadhigher
abundancesofTurbellaria(flatworms),Isopoda,Amphipoda,Zygoptera(damselflies)
andmites,whereasEphemeroptera,Megaloptera,Culicidae(mosquitoes)andPlecoptera
weremorecommonattheforestedsites.Winterconcludedthathesedifferenceswere
duetomanagementpracticesofthegolfcourses;forexample,thedominanceof
amphipodsatgolfcoursesiteswasattributedtheirabilitytoconsumegrassclippings.In
thePlumRunstudy,theaveraget mperaturewasapproximately3°Chigheronthegolf
course(site8)andjustdownstream(site7),comparedtotheforestedsite6directly
upstream.Thisismostlikelyduetothelackofriparianvegetationtoprovideshading
(WinteretaI.,2002).ThedominanttaxonontheRadleyRungolfcoursewas
Chironomidae,atoleranttaxon.Thedominanttaxabothupstreamanddownstreamof
thegolfcoursewereGammarusfollowedbyHydropsyche.
Exposuretodirectsolaradiation,watertemperature,dissolvedoxygen,specific
conductance,TDS,andchlorophyll-awereallhigheratsite8withinthegolfcourse
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comparedtosite6directlyupstream.Site8had16invertebratetaxa,comparedto20
taxaatsite6directlyupstream,and13taxaatsite7directlybelowthegolfcourse.The
threesiteshad9taxaincommon,andhadsimilarHBI values(~5.3-5.9).However,the
MAIS scoresdeclinedsteadilyfromsite6(MAIS =12)tosite8(MAIS =10)tosite7
(MAIS =8). Thegolfcoursesitehadlower%EPT,higher%chironomids,lower
diversity,and3%highertoleranttaxa.
JustdownstreamofthegolfcoursetheRadleyRunMewssewagetreatment
facilityemptiesdirectlyintoPlumRunbetweensites7and8(Figure18).
Figure18.LocationofRadleyRunMewssewagetreatmentplantasitentersintoPlumRun.Alsoshown
istheRadleyRunCountryClubsewagetreatmentplantasitentersintoRadleyRun(courtesyofAlan
Everett,PADEP).
Theeflluentfromthesewagetreatmentfacilitywouldbeexpectedtoaffectsite7,
thefurthestdownstreamsite.AccordingtoPADEP'sdischargemonitoringreportsfor
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June2005,theaverageflowis0.012milliongallons/dayor0.526Liters/second(Radley
RunMewsSewerAssociation,PA0036200,samplingdate7/29/2005;personal
communicationwithAlanEverettofPADEP). Thedischargeatsite8is52.8
Liters/second(Table4),whichis 100xgreaterthenthedischargeenteringfromthe
RadleyRunMewsfacility.IneffectRadleyRunMewscontributesabout1%oftheflow
whereitmergeswithPlumRun.Therefore,thedecreased%dissolvedoxygen,high
temperatures,unusuallyhighdensityoftheamphipodGammarus,andthesharpdecline
inMAIS score(from12atsite6upstreamofthegolfcourseto10atsite7downstream
ofthegolfcourse)wouldsuggestthathegolfcoursehasasizable ffectonthissection
ofPlumRun.
v. RECOMMENDATIONS
TheheadwatersofbothbranchesofPlumRunbeginasimpairedstreams,
originatingunderneathornearWestChesterUniversityandlikelyexperiencing
modificationsofwaterchemistryandhighlyvariableflowoftenassociatedwithurban
runoff.Headwatersitescancontributestronglyto"ecologicalintegrity"downstream,
andshouldbeafocusofmaintenance(HeinoetaI.,2005;Saunders,Meeuwig& Vincent,
2002).Managingbothwaterchemistryandfluctuationsinwatervolume,bothatthe
headwatersandindownstreamareasofbothbranchesmayhelprestorestreamintegrity.
Inparticular,iparianreforestationa dstormwatermanagementof heWestBranchmay
bewarranted.
PlumRunisconsideredtobeanimpairedstreambasedonsamplingbyPADEPat
site7nearitsconfluencewiththeBrandywineCreek.However,theresultsofmystudy
suggestthathetwomajorbranchesofPlumRundiffersubstantiallyinwaterquality.
Manystudieshaveshownthepotentialforsubstantialvariationinstreamqualityamong
thesmallertributariesthatcollectivelycomprisesmallstreamnetworksimilartothatof
PlumRun(HeinoetaI.,2005).TheWestBranchofPlumRun,havingimpacted
headwatersandflowingthroughamoreurbanizedarea,is inneedofrestorationand
management.In futurerestorationplanning,itmaybereasonabletostartwiththeWest
Branchfirst,forexampletheheadwateratparkinglotF, toseeif improvementthere
leadstoimprovementoffurtherdownstreamandmainstemsites.
Thisstudyis largelybasedonaone-time,thoughanalyticallycomprehensive,
studyperformeduringsummer,althoughadditionalinvertebratedataarealsoprovided
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basedonqualitativesamplingduringthepreviouspring.Seasonalndinterannual
variationindischarge,waterchemistryandwatershedinfluencesareallknowntoaffect
theinvertebratecommunity,andthetimingoffieldassessmentsmaythereforeinfluence
thedeterminationfwhetherornotastreamisjudgedimpaired(Linke,Bailey&
Schwindt,1999).ContinuedsamplingoftheinvertebratecommunitywithinthePlum
Runstreamnetworkisneededtoprovidevidenceofseasonalvariability,andasameans
ofdetectinglonger-termtrendsassociatedwithincreasedimpairmentorrestoration.
PlumRunalsoprovidesanopportunityforexperimentalresearchfocusedonparticular
ideasorrelationshipsinferredinthisstudy.Physicochemicalanalysisofsedimentsfor
particlesizeandchemicalcontent(e.g.,metals,pesticides,organicontent),forexample,
wouldbeparticularlyusefulinfuturework.Suchstudiescouldbeincorporatedinto
universityclassactivitiesorconductedbyanon-profitconservationrganization.It is
myhopethathisprojectwill provideasolidbasisforfuturerestoration,management
andongoingbiomonitoringofPlumRun.
VI. APPENDIX A. Invertebratescollectedat14sitesonMarch7th,9thand10th2005.
:J
:J
Order Fomilv Genus I 2 3 4 5 6 7 8 9 10 11 12 13 14
Eohemerootero Amoletidoe Ameletus 82 3
Ephemeroptero Boetidoe I 129 28 5 2 3 2 4 I 21 88
Ephemeroptero Ephemerellidoe Ephemerello 2 2 I 6
Eohemerootera Heotegeniidoe Stenomo I I I I 2
Plecoplero Unknown I
Plecoptero Nemonridoe Prostoio 39 24 8 2 3 I 12 47
Plecoolero Perlidoe Eccootnro 2 2
Plecoptero Perlidoe Phosgonophoro 3
Plecoptero Perlodidoe Isoperla I
Plecootera TaenioolervgidaeTaenioma I
Trichootera Glossosomatidae Glossosoma I
Trichoptera Hydropsvchidae Chenmatopsvche 5 10 5 23 2 I I I 2 2 5 8
Trichoptera Hvdroosvchidae Diolectrona 2 2 I I
Trichootera Hvdroosvchidae Hvdroosvche 9 15 5 40 76 9 28 8 I 51 11 27 23
Trichoptera Philopolamidae Chimarro 7 12 12 30 I 24 2 8 7 32
Trichoptera Philopotamidae Dolophilodes I 5 4 I 4 I 7
Trichoolera Rhvacoohilidae Rhvacoohila 3 I I
Trichootera Uenoidae Neophylax 3
Trichoptero Limnephilidae Pycnopsyche I
Diplera Unknown I
Diotera Chironomidae 86 I 152 3 19 8 41 55 97 130 126 16 95 16
Diolera Tipnlidae Tipulo 3 I 8 7 5 I I 4 I 3 3 I I
Diptera Tipnlidae Dicranota I 2 2 3 I I 7
Diotera Tionlidae Helius I
Diotera Tionlidae Antocha I I 3 I
Diotera Empididae Clinocera 2
Diplera Simnllidae nnknown 6
Diotera Simullidae Stegootema 2 2
Diolera Simullidae Simulium 18 2 2 4 I 11 18 I 7
Diptera Simullidae Prosimuliull1 I 4 2 3
Isopoda Asellidae Caedodotea 21 5 1 1 2 8
Isopoda Asellidae Lirceus 1
All1ohiooda Crangonyalidae Stvgonectes 5
Amphipoda Gommaridae Gammams 86 20 90 52 29 44 66 30 3
Odonata GOll1phidae Gomphus I
Odonata Aeshinidae Boyeria I
Coleoutera Elmidae Outioservns I
Coleoplera Elll1idae Stenelmus 5 I
Coleoplera DYliscidae Agabus I
Coleoutera Pseuhenidae Pseuhenus I 3 I
Megalootera Sialidae Sialis I
Decopda Cambaridae I I
Pulmonato Physidae I
Oligochaeta I I 3 1
Turbullaria I
TOTAL INDIV 133 138 233 181 232 175 149 174 123 167 250 135 217 252
TOTAL SPECIES 8 13 16 12 21 16 11 11 11 7 14 10 15 15
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VII. APPENDIX B.
Locationsofthe14studysitesinthePlumRunstreamnetwork.
Site# Location NearestMain Latitude Longitude
Road
1 EastBranch, OakLane 39°56'47.39" 75°35'44.88"
headwatersite
2 EastBranch TigueRoad 39°56'26.94" 75°35'53.18"
tributary
3 EastBranch,GNA NewStreet 39°56'28.37" 75°35'54.06"
4 EastBranch NewStreet 39°55'55.72" 75°36'8.09"
tributary,GNA
5 WestBranch Route52 39°55'27.51" 75°37'15.99"
tributary.
ChesterdaleFann
privateproperty
6 MainStem, Route52 39°55'17.21" 75°37'18.45"
upstreamofgolf
course
7 MainStem, Route52 39°54'50.17" 75°37'39.60"
downstreamof
golfcourse
8 MainStem,on Route52 39°55'1.39" 75°37'35.04"
RadleyRunGolf
Course
9 EastBranch,GNA NewStreet 39°55'57.51" 75°36'8.24"
10 WestBranch, CollegeAve 39°56'48.97" 75°36'26.33"
headwatersite
11 WestBranch,Fox Route52 39°56'1.59" 75°36'56.54"
Hill Fannprivate
property
12 WestBranch Route52 39°56'1.52" 75°36'57.07"
tributary,FoxHill
Fannprivate
property
13 MainStem,Strode Binningham 39°55'43.29" 75°37'1.96"
Mill ArtGallery Road
14 EastBranch, Route52and 39°55'49.43" 75°36'54.69"
upstreamof TigueRoad
confluence
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VIII. APPENDIX C.
Photographsof streamoriginsandstudysites,andgeomorphologicald ta(courtesyof
Dr.TimothyLutz,WestChesterUniversityDepartmentofGeologyandAstronomy).
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